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PREFACE TO THE THIRD AMERICAN 

EDITION. 



It is naturally gratifying to the author of this laboratory 
text-book to learn that a third American edition is called for. 

Originally for some time in use in manuscript form in the 
laboratory classes in Queen wood College, probably the oldest 
of the science colleges in Great Britain, the treatise gradually 
developed into a form in which it appeared probable that it 
might be more extensively useful, and the reception of the earlier 
English editions fully warranted this expectation, while the 
adoption of the book in America gives further guarantee 
that the general treatment of the subject and the specialties 
advanced by the author have been duly appreciated. 

While retaining in this revision the systematic treatment of 
the subject, every effort has been made to render the work as 
complete and intelligible as possible with due consideration to 
the conciseness necessary in a laboratory guide. The gradual 
development of the subject, the use of the condensed or abbre- 
viated formula and of analytical tables arranged in the most 
practical form for convenient reference, it is hoped, will facili- 
tate the student in his comprehension of the subject. 

The teacher or student will be best guided in using the book 
for any special purpose by glancing down the pages of con- 
tents, which immediately follow the preface. It will be seen 
that the book is divided into seven sections : in the first of 
which some simple directions are given for preparing for use 
the apparatus, a list of which faces the first page of the sec- 
tion. A student may reasonably commence his laboratory 
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work by looking through his stock of apparatus and preparing 
it according to the directions given in this section. 

In the second section the preparation of certain gases is 
described) and experiments illustrative of their properties are 
detailed. By carefully working through this section the stu- 
dent will acquire skill in manipulation and will gain some 
knowledge of the fitting and use of apparatus. 

The third section prepares the worker for chemical analysis 
by a description of the most important methods and processes 
employed in qualitative analysis. In the present edition a 
working description of the spectroscope is included in this 
section. 

The reactions which are employed as tests and methods of 
separation in qualitative analysis are contained in the fourth 
section, and these are systematically tabulated and stated 
at the end of each group of metals. After having worked 
carefully through these tests, the student proceeds to use them 
in a suitably systematized and tabulated form in the fifth sec- 
tion for the detection of the constituents of simple salts, or in 
the sixth section for the analysis of any liquid or solid inor- 
ganic substance. 

At the end of the sixth section the reactions of the rarer in- 
organic substances and of certain organic substances are given. 

The seventh section consists of information concerning the 
fitting and furnishing of the chemical laboratory. This is of ne- 
cessity brief, but, nevertheless, many of the improvements made 
in recent years are at least noticed. The frontispiece illustra- 
tion of the book represents one block of the students* labora- 
tory benches at the University College, Nottingham, and a 
careful inspection of the details of this engraving will render 
minute description unnecessary. 

The seventh section also contains lists of apparatus, chemi- 
cals and reagents, together with methods of preparing solu- 
tions and certain special reagents, and other information which 
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experience has proved to be of considerable value in maintain- 
ing a laboratory in a state of efficiency for students' work. 

The analytical methods selected have been thoroughly 
proved by myself and by large numbers of my students ; they 
have been selected from amongst those available for the purpose 
on account of their accuracy primarily, rapidity and ease of 
execution having been held as being of secondary importance. 
That the methods of separation should be in every case quan- 
titative is not to be expected ; when the object is to make a 
rapid and accurate qualitative examination of a substance, it 
would in some cases at least involve unnecessary and unpar- 
donable waste of time to insist on quantitative methods, more 
especially since the tests by flame coloration and spectroscopic 
examination have been developed. In certain cases, however, 
the quantitative process is the best also for qualitative analysis, 
notably in the decomposition of silicates by the admirable 
method of Lawrence Smith. 

In the present edition the original plan of the book has been 
maintained, but in details it has been considerably amended 
and in parts rewritten, whilst many new and improved illus- 
trations have been introduced. In presenting it to the chemi- 
cal teachers and students of America, the author ventures to 
express a hope that he has succeeded in his attempt to provide 
a systematic, intelligible and fully-equipped laboratory guide 

and text-book. 

FRANK CLOWES. 



University College, Nottingham, 
February, 1885. 
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APPARATUS FOR EACH BENCH LOCKER. 



1 Bunsen's burner with tubing and rose-top (1). 
1 Test-tube stand, with twelve holes. 
12 Test-tubes. 

1 Test-tube brush (11). 

2 Boiling-tubes. 

2 Bound glass plates. 
2 Porcelain dishes. 

2 Watch glasses. 

1 Four-ounce conical flask. 

1 Pestle and mortar. 

1 Iron tripod stand. 

1 Piece of coarse iron wire gauze, or asbestos millboard. 

3 Glass funnels, and some cut filter papers. 
3 Small beakers. 

3 Glass rods. 

1 Piece of platinum foil. 

2 Pieces of platinum wire. 
1 Blowpipe. 

1 Pipe-clay triangle. 

1 Wash-bottle. 

1 Retort stand. 

1 Wooden filter stand. 

1 Pair of brass crucible tongs. 

1 Small horn spatula. 

1 Wicker draining basket. 

A fuller description of this apparatus will be found on page 318. 
Most of the apparatus may be seen on the bench in the Frontispiece 

illustration. 
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SECTION I. 



PREPARATION AND USE OF APPARATUS. 



A student who is commencing work in a general laboratory 
will find on the preceding page a list of the apparatus which 
should be contained in his private locker ; this should be looked 
through, fitted, and cleansed, as is directed in this section. * 

In the seventh section will be found particulars of other 
apparatus, which may be used by many students in common ; 
also lists of the various reagents, and the methods of preparing 
them. 

For convenience in reference, paragraph numbers are printed 
in the text in thick numbers, and in square brackets at the top 
of each page. 



L The Bunsen burner (Fig. 1) is generally employed in 
the laboratory for heating purposes. It is so constructed 
that coal gas entering near its base is mixed with a 

5 roper proportion of air before being burnt ; the air is 
rawn in through holes at the lower part of the burner, 
and the mixture of gas and air is burnt FlQ j 

at the top of the upright tube. The 
oxygen of the air, which is thus mixed 
with the gas, burns the carbon in the 
body of the flame. Accordingly the 
luminosity, which depends upon the ex- 
istence in the flame of unburnt carbon 
or carbon compounds, is destroyed. 
The Bunsen flame is therefore mainly 
useful, because it deposits none of these 
particles in the form of soot upon a cool 
object, but also because it is hotter than an ordinary 
luminous flame. Its high temperature, non-luminosity, 
and colorless appearance, also render it very valuable for 
producing flame colorations, as will be seen hereafter. 
The lamp should be provided with some means for 

2 




2 THE BUNSEN BURNER. [1. 

partly or entirely closing the air-holes when requisite ; 
this is usually effected either by turning round a loose 
perforated ring which is slipped over them, or by rota- 
ting the upright tube on its long axis. When a small 
flame is being used, the supply of air should be partly 
shut off, else the flame is apt to recede and burn below. 

When the lamp is to be used, it is connected by 
means of a piece of tightly-fitting india-rubber tubing, 
about 5-16ths of an inch in internal diameter, with the 
tube which supplies gas to the working bench ; the tap 
is then turned on, and in a few seconds the gas is lighted. 
The flame should be almost perfectly colorless and 
give scarcely any light. 

Occasionally the gas will bum below, that is, at the 
bottom instead of at the top of the burner; this usually 
happens when the flame is small and the quantity of 
air admitted through the holes is too great ; it also oc- 
curs when the burner is lighted too soon after turning 
on the gas tap. A luminous flame may then be seen 
through the holes in the base of the lamp, burning 
from the small gas jet inside ; and the flame produced 
at the top of the burner will also be long and somewhat 
luminous, and will emit a very unpleasant smell, which 
is due to the incomplete combustion of the gas. In such 
a case the flame should be at once extinguished by pinch- 
ing the india-rubber tubing close to the burner, and the 
gas should be relighted after escaping for a few seconds. 

Prove the above statements by f rial ; study also the effect 
of partially or entirely closing the air-holes of the burner. 

For diffusing heat over a large surface the rose-top, 
which is a small perforated metal cap, is placed upon 
the top of the burner; it yields a circle of flames, and 
thus diffuses the heat; the rose-top is put on the burner 
and removed from it by grasping it with the crucible 
tongs; it is of course very hot after being used, and 
should never be handled, or placed upon wood or glass, 
until it is cool. 

For heating large vessels Fletcher's solid flame burner 
is most convenient and satisfactory; in its smallest size 
it is also very convenient on the student's working bench. 
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2, 3.] CUTTING GLASS. 3 

2. The spirit lamp is occasionally employed instead 
of a gas burner, but for general purposes it should only 
replace these burners where coal gas cannot be obtained. 

The spirit lamp (Fig. 2) consists of a glass vessel con- 
taining methylated spirit, into 
which dips a cotton wick sup- 
ported by means of a brass or 
stoneware wick-holder. When 
not in use the upper end of the 
wick should be always covered 
with the glass cap to prevent 
evaporation of the spirit. If 
the spirit is tolerably free from 
resinous matter its flame will 
be non-lumiuous, and will de- 
posit no soot upon a cold object. 

3. Glass tube or rod is cvi by laying it upon a flat 
surface, and making 

a deep scratch witE 
the edge of a three- 
cornered file at the 
point to be cut. The 
glass is then held 
with both hands, one 
on either side of the 
scratch and close to 

it, and a gentle pressure is exerted upon the glass as if 
trying to break it across (Fig. 3) ; if the file mark has 
been made sufficiently deep, the glass will readily break 
at this point. The sharp edges of a rod or tube should 
always be at once rounded by holding tliera in the 
Bunsen or blowpipe flame until they are partly melted, 
or by rubbing them with the face of a file. 

Cut off from a length of hard glass tubing which is 
about one-eighth of an iuch in internal diameter, one 
piece about ten inches, and two nieces about five inches 
long, and carefully round off their sharp, freshly cut 
*edges. Also cut off three pieces of glass rod, seven, six 
and three inches in length. Keep these for future use. 
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Fig. 4. 



4. Glass tube is bent by holding it in the upper edge 
of a common fish-tail gas flame, so as to heat at least 
two inches of the glass (Fig. 4). The tube is supported 

by both hands, one on either side 
of the flame, and is constantly 
turned slowly round on its axis, 
so as to heat all sides equally. 
As soon as the glass is felt to 
be soft and pliable, it is taken 
out of the flame and quickly 
bent to the required angle. The 
heated part must not be allowed 
to touch anything until it is cold ; the soot is then re- 
moved from it by a cloth or a piece of paper. 

A bend, if properly made, should be a curve and 
should not alter the bore of the tube (Fig. 5 a); if a 

sharp angle is made, 





FlG - 5 - the bore will be nar- 

rowed (Fig. 5 6), and 
the bend, besides be- 
ing unsightly, will be 
very liable to break 
under a small strain. 
The Bunsen flame 
must never be em- 
ployed for bending 
glass tubing ; it is too 
hot, and melts the 
glass. Glass rod, however, may be bent in the Bunsen 
or even in the blowpipe flame. 

Bend the longest piece of glass tubing (3) at right 
angles, so that the shorter part is about two inches in 
length ; keep this for future use. 

5. The blowpipe is frequently used to produce a 
small but very hot flame from the flame of a gas lamp, 
spirit lamp, or candle, by blowing through it a fine stream 
of air from the mouth. It is held in the right hand, 
with its finely pierced tip a (Fig. 6) resting on the edge 
of the burner, and just inside the flame ; the mouth-piece 
(6) is then taken between the lips, and after blowing out 
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the cheeks to their full extent, the air contained in them 
is forced out through the jet (a) ; this causes a small 
pointed tongue of flame to issue from the side of the flame. 
The chief difficulty in Fig. 6. 

learning to use theblow- 
pipe properly is experi- 
enced in acquiring the 
habit of keeping up the 
blast of air uninterrupted 
by the breathing. A lit- 
tle patient trial will, how- 
ever, soon remove this 
difficulty. It must be 
borne in mind that the 
cheeks are to be kept constantly inflated with air, and 
that the air should be forced through the blowpipe by 
the pressure of the cheeks alone and not by the action of the 
lungs; breathing is carried on meanwhile through the 
nose, and the mouth is occasionally replenished with air 
from the throat just before breathing out through the 
nose. 

It is frequently necessary to have both hands free 
whilst using the blowpipe ; this may be secured by rest- 
ing the jet (a) on th(J tcfp of the burner and supporting 
the other end (6) by the lips alone, as is shown in Fig. 6. 

The bright flame obtained by nearly closing the air- 
holes of the burner is much better suited for blowpipe 
work than the ordinary non-luminous flame. A burner 
with an elliptical orifice which gives a flat flame is often 
substituted for the ordinary Bunsen burner ; this flame 
may also be obtained by slipping a brass tube down the 
burner. 

The student should as soon as possible acquire dexter- 
ity in the use of the mouth blowpipe ; for long main- 
taining a high temperature, or for extensive glass- work- 
ing or glass-blowing, however, a Herapath or Fletcher 
blowpipe fed with wind from the Fletcher bellows, which 
are blown by the foot, is very convenient and often in- 
dispensable. 

6. Small ignition tubes. — One of the pieces of hard glass 

2* 
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tubing, about five inches long (3), is drawn out at its mid- 
dle point by heating it strongly in the blowpipe flame, as 
is shown in Fig. 6. Whilst being heated it is held in 
both hands, as in Fig. 3, and is constantly turned round 
upon its long axis ; when well softened it is gradually 
drawn out by pulling its ends in opposite directions. 
The narrowed portion of the tube (Fig. 7) is then cut 

Fig. 7. 

"" '^ ^ » 



across (3) at its middle point, and by heating the conical 

part (a), the narrow tube may be drawn off, and a small 

closed tube is obtained (Fig. 8). If the closed end is 

FlG 8 strongly heated in the blowpipe 

'' flame, and gently blown into whilst 

11  ^ red hot, it may be expanded into 

a small bulb. Small test-tubes, 
three inches long by half an inch in diameter, will also 
serve well for ignition tubes. 

7. Mounted platinum vrires. — Two platinum wires, 
each about two inches in length, should be fixed in glass 
handles ; they are thus rendered much less likely to be 
lost, and are far more easily held. The platinum wire 
used must not persistently color the flame green. 

Draw out the remaining piece of glass tube (3), about 
five inches in length, at its middle point (Figs. 6, 7), and 
cut it across at the middle of the narrow portion. Each 
piece of glass thus obtained serves for the handle to a 
wire. Break off the narrow part of the tube until it ex- 
tends only about a quarter of an inch from the shoul- 
der a (Fig. 7) ; insert the end of the platinum wire 
into the narrow opening ; then hold the end of the 

Fig. 9. 

o — 

tube with the wire in the blowpipe flame until the 
glass melts and thickens around it, fixing it firmly 
when cold (Fig. 9). The free end of the wire should 
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then be rolled round a stout wire, so as to shape it into 
a loop about the eighth of an inch across. 

8. Olasa stirring-rods. — From the ends of the glass rods 
already made (3) by cut- 

ting a length of solid ^ IO - 10 - 

glass rod into pieces about 
three, six, and seven 
inches long, any smalt 
projections are removed 
by the file ; both ends of 
each rod are then heated 
to redness in the tip of 
the blow-pipe flame, the 
rod being meanwhile con- 
stantly turned round on 
its long axis (Fig. 10) ; the 
sharp edges are thus re- 
moved. The end of the 

rod must not be allowed to touch anything until it is 
cool. 

Sometimes a very fine glass rod is required ; this 
may be obtained by heating a part of an ordinary 
rod in the blow-pipe flame until it is well softened, 
and then drawing it out to the requisite fineness (Fig. 6). 

9. A cork may be bored by pushing through it a 
sharply pointed and {■[„. u _ 

slender round file, 
with a constant twist- 
ing movement. The 
cork-borer, which is 
a brass tube sharpen- 
ed at one end, is, how- 
ever, more commonly 
used. A borer must 

be selected of the same size as the glass tube which is to 
be inserted into the cork ; it should be rather less than 
greater ; the cork is then pressed against a wooden 
surface or grasped firmly in the hand, and the 
perforation is made by gently pushing the borer 
through it with a constant movement of rotation back- 
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wards and forwards upon its axis (Fig. 11). Caution 
and practice will enable the student to make a clean, 
straight hole without damaging the surrounding parts 
of the cork. 

In boring a single hole through a cork, the easiest 
way to make it straight is to bore from the centre of 
one end half-way towards the other, then reverse the 
cork and bore a hole to meet this from the centre of the 
opposite end. 

A round file is used for smoothing the interior of 
holes made by the cork-borer, or for slightly enlarging 
them when they are too small ; whilst doing this, great 
care must be taketi to leave the hole round in shape, 
and not to enlarge it so much that the glass tubing, 
when inserted, fits loosely. 

In perforating india-rubber stoppers the borer must 
be sharp, and should be partly filled with water or 
moistened with alcohol or glycerine. 

The cork-borer is sharpened by rubbing the outer part 
of the edge obliquely with the face of a fine-toothed file. 
10. The wash-bottle. — A thin, flat-bottomed conical 
Fig 12 flask, about eighteen ounces in capa- 

city, and not less than an inch in diameter 
in the neck, is fitted as is shown in Fig. 
12. Select a sound cork which is slight- 
ejr ly too large to enter the neck of the 

flask ; roll it backwards and forwards 
under the foot with gentle pressure; 
when thus softened the cork must fit 
tightly into the flask. Two pieces of 
glass tubing, rather longer than would 
be required for the tubes (a, 6), are then 
pO bent (4) into the form shown in Fig. 
J^ 12 ; their ends are cut off to the right 
_jj length, and the sharp edges are rounded 
- - ~ "" by holding them in the Bunsen flame, 
or by rubbing them with the face of the file. 

Two parallel holes are then bored in the cork by means 
of a round file or with a proper sized cork-borer (9) ; the 
holes must be somewhat smaller than the glass tubes, and 
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must not run into one another or to the outside of the 
cork. They are smoothed and slightly enlarged, if ne- 
cessary, by the round file. Into these holes the tubes 
(a, b) are then gently pushed with a twisting motion ; 
they must enter somewhat stiffly, but without requiring 
much pressure. If the holes have been carelessly made 
too large, the tubes may often be made to fit by slip- 
ping upon them little pieces of narrow india-rubber 
tubing, or by putting the pieces of india-rubber tubing 
into the holes in the cork before fitting in the glass tubes. 

A vulcanized india-rubber stopper is much more dura- 
ble than a cork for this and most other chemical pur- 
poses; it may be purchased with two holes already 
made, or may be perforated by a sharp, well- wetted 
cork-borer (9), or by a wetted round file. Both the 
glass tubes and the inside of the holes should be well 
wetted before pushing in the tubes, since water serves 
as a lubricant for glass against india-rubber. 

Before completing the fitting of the flask, the cork 
with the tubes is inserted into its neck; one tube is 
then closed with the finger, and whilst blowing down 
the other one, the cork is carefully watched to see that 
there is no escape of air; a leakage is as a rule easily 
heard ; by wetting the outside of the cork, however, it 
becomes visible. 

If the cork is air-tight, fit upon the upper end of the 
tube (a) a piece of india-rubber tubing about an inch in 
length ; into the other end of this push a short jet (c), 
made by drawing out a piece of glass tubing in the 
flame (Fig. 6) ; the narrow opening of this jet may be 
contracted, if necessary, by holding it in the flame for a 
short time. The neck of the flask should be bound round 
with twine like the handle of a cricket bat, or tightly 
covered with a folded strip of flannel ; the wash-bottle 
can then be handled with comfort after water has been 
boiled in it and the neck has become heated by the steam. 

The wash-bottle is now filled about two-thirds with 
distilled water, and is ready for use ; tap water should 
never be kept in it. 

A fine stream of water'may be obtained from the jet (c) 
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by blowing down the tube (6) ; this stream serves for 
washing precipitates and for other purposes. If a larger 
stream is required the flask is inverted, when the water 
will flow out from the end of the tube (6), air entering 
meanwhile by the tube (a) ; by blowing down (a) this 
stream can be made to issue with greater force and 
speed. 

When hot water is required, the wash-bottle is sup- 
ported on a tripod stand upon a piece of coarse iron 
wire gauze, and is heated by the Bunsen flame : or it 
may be heated by a small Fletcher burner. 

11. Cleaning apparatus. — It is indispensable to the 
success of an analyst that all glass and porcelain appa- 
ratus should be kept scrupulously clean, and before 
beginning work the student will do well to clean his 
set of apparatus as is directed below. 

Test-tubes, beakers, and porcelain dishes are washed in 
a stream of tap-water, their surface being rubbed mean- 
while by the test-tube cleaner (Fig. 13 6). Occasionally, 
however, the brush fails to remove strongly adhering 

stains. A little hot dilute hydrochloric 
IG ' acid will remove most such stains, but it 

is sometimes necessary to heat a little strong 
sulphuric or nitric acid in a vessel in order 
to cleanse it ; hot caustic potash or ammo- 
nia solution may also often be used with 
advantage to remove grease. In fact, when 
removing a substance from a vessel to which 
it strongly adheres, the student should al- 
ways consider what the substance is, and 
then remove it by a liquid in which it is 
easily soluble. Each article, after having been carefully 
washed and then repeatedly rinsed out with tap water, 
should be placed upside down in the small wicker basket 
to drain, or if required for immediate use it should be 
rinsed out with a little distilled water ; the removal by 
these means of washing water is necessary, because or- 
dinary tap-water contains dissolved impurities, which 
might be prejudicial. 
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Apparatus should be washed as soon as possible after 
it has been used, since the surface is usually more diffi- 
cult to cleanse after standing. The brush must be cau- 
tiously moved as it reaches the bottom of a test-tube, as 
the glass is very thiu and is easily broken by undue 
pressure. 

Test-tube brush. — It will be found that the piece of 
sponge at the end of the test-tube cleaner (Fig. 13 a) 
does not well adapt itself to the bottom of test-tubes and 
boiling-tubes. A much more efficient end is given to 
the brush by removing the sponge and bending back the 
end of the wire stem sharply upon itself at a point just 
above where the hairs commence (Fig. 13 6). By 
slightly curving the part of the stem carrying hairs, the 
brush will better adapt itself to curved surfaces such as 
those of porcelain dishes. 

Test-tvbes containing liquids are placed in the test-tube 
stand ; boiling-tubes may be supported in the wooden 
filter stand. After being washed they should be placed 
to drain mouth downwards in the wicker basket, which 
is to be considered as the receptacle for all clean glass 
and porcelain vessels. 

Glass funnels should have their narrow stems cutoff 
to within about half an inch from the shoulder (3) ; the 
sharp outer edge must then be removed by rubbing 
it with the face of a triangular file. The inside of 
the narrow neck is best cleaned by rubbing it with 
a common tobacco-pipe cleaner, which is inserted from 
the shoulder of the funnel so as not to cut the hairs. 

Platinum foil and wire are cleansed by boiling them 
in hydrochloric acid and rinsing off the acid with water ; 
the wire should then be strongly heated for some time 
in the blowpipe flame, until, on being dipped into pure, 
strong hydrochloric acid, it no longer persistently col- 
ors the Bunsen flame. If the tip of the wire cannot 
be cleansed in this way it should be cut off. Commer- 
cial platinum often contains barium, and the wire made 
from it therefore gives a green color to the flame; such 
wire is useless for flame coloration tests and for spectrum 
analysis. 
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It is best, however, to keep the platinum foil and wire 
always in a small beaker containing strong hydrochloric 
acid diluted with sufficient water to prevent it from fum- 
ing : the platinum will then be ready for use at any 
time after having been simply rinsed with water. 

Before putting apparatus away it should be made a 
rule to wash all glass and porcelain which is not in ac- 
tual use, and place it in the wicker-basket to drain ; the 
basket is then put away with its contents. Dirty ap- 
paratus should never be kept in the basket. All iron 
apparatus should be carefully dried and must be kept 
in a dry place to prevent it from rusting. Metal, 
apparatus must never be put into the wicker draining 
basket. 

12. Heating porcelain and glass. — A few general 
precautions should be observed in heating glass and 
porcelain vessels to guard against cracking them. The 
two following rules apply to both glass and porcelain 
alike : — 

A vessel containing a liquid must never be heated by 
the flame above the level of the liquid inside. 

A dry, hot vessel must be allowed to cool before pour- 
ing in any liquid, or placing it on a cold sur- 
face. 

Porcelain dishes are generally used for the purpose of 
boiling or evaporating liquids ; they are supported on a 
pipe-clay triangle placed upon a tripod or retort stand ; 
they may be safely heated by a small naked flame. 

Porcelain crucibles are used for containing solid bodies 
which are to be strongly heated ; they are supported in 
the same way as porcelain dishes; the flame should 
not be allowed to play steadily upon the bottom of the 
crucible so as to heat it suddenly, but the burner 
should be constantly moved slightly from side to side 
until the porcelain is hot. The crucible should also 
be allowed to cool slowly on the triangle, as contact 
w T ith a cold body is very apt to crack it The cruci- 
ble and its cover whilst hot are handled by the crucible 
tongs. 
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Glass vessels require to be heated more cautiously than 
those made of porcelain. A large naked flame must 
never be allowed to play for any length of time on one 
part of the glass surface. In heating a test-tube or 
boiling-tube, this local heating is prevented by holding 
the tube obliquely with the lower part in the flame, and 
either moving it gently up and down, or constantly 
turning it round on its axis. 

Ordinary test-tubes are too narrow for boiling liquids 
in, the liquid being very apt to boil over. Small quan- 
tities may be boiled and larger quantities heated short 
of boiling in a test-tube, but the broader boiling- 
tubes are better suited for this purpose. Test-tubes, if 
not full of liquid, can be held by the neck whilst being 
heated, if the tube be held obliquely, so that the fingers 
are not over the flame. All risk of burning the fingers 
is avoided by bending round the neck of the tube a 
slip of folded glazed paper or of leather, and pinching 
the ends together close to the tube. 

Glass-flasks, such as the wash-bottle, are most safely 
heated by placing them on a piece of wire gauze on a 
tripod stand ; in some laboratories a sand-bath is avail- 
able ; the flask is then heated by being placed on the 
surface of hot sand. 



SECTION II. 



PREPARATION AND PROPERTIES OF CERr 
TAIN GASES AND LIQUIDS. 



In this section full directions are given for the preparation 
of some of the more important gases and for certain instruc- 
tive experiments which may be made with them. The pro- 
cesses of preparation and manipulation required for these gases 
are more or less typical ; the student will therefore, from the 
experience gained by performing these experiments, easily 
prepare and experiment upon other gases from the brief di- 
rections given here or in any treatise on chemistry. Two 
examples of the process of distillation are also appended. The 
paragraphs in small type may be omitted if time is limited. 

The reference numbers enclosed in brackets refer to the para- 
graphs ; these numbers will be found in thick type in the text 
ana in square brackets at the head of each page. 

A full list of the apparatus and chemicals required for this 
section will be found in the seventh section ; and the fitting 
and use of the apparatus has been already explained in para- 
graphs (1-12). 



The student must carefully read through the whole description 
of each experiment before beginning to perform it, and after 
its successful performance a brief description of it should be 
entered in the note-book. Two students may advantageously, 
but not necessarily, work together through this section ; in 
the subsequent sections, however, each student should work 
independently. 



Oxygen Gas. 



13. When iron is exposed for some time to moist 
air its surface becomes covered with rust ; many other 
metals undergo a similar change in moist air, but the 
alteration prcxluced in their appearance* is not usually 
as noticeable as in the case of iron. The liquid metal 
mercury does not rust as iron does in moist air. but it 
14 
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becomes slowly covered with red mercury rust when it is 
strongly heated for some time iu a flask open to the 
air; this mercury rust has received the Dame of mer- 
curic oxide. The fact that metals become heavier by 
rusting proves that something is added to them during 
the process. This is confirmed by the following ex- 
periment. 

Exp. 1. — Place in a small, perfectly dry test-tube 
sufficient mercuric oxide to cover the bottom ; heat the 
powder in the Bunsen flame (1, 12), loosely stopping 
the end of the tube with the thumb, as is shown in 
Fig. 14. As soon as small drops of mercury form on 



the inside of tube, remove the thumb and quickly in- 
sert into the tube the burning end of a thin slip of 
wood; the flame will be seen to burn more brightly. 
Heat the powder again for some time in the way just 
described, and introduce the slip into the mouth of the 
tube immediately after blowing out the flame and 
whilst there is a spark at its end ; the glowing end 
will be caused to burst into flame. This Iwhavior 
with a burning or glowing slip of wood is one of the 
most remarkable properties of oxygen gas, and is fre- 
quently used as a test for its presence. The small 
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globules of mercury may be united by rubbing the in- 
side of the tube ; both the globules of mercury and 
any red oxide which remains should be preserved. 

The chemical change which has occurred is thus rep- 
resented by a chemical equation : HgO = Hg + O. Since 
heat can separate mercuric oxide into mercury and oxy- 
gen, the process of rusting evidently consists in the 
metal taking oxygen gas from the air. The increase of 
weight during rusting, which has been already referred 
to, is thus accounted for ; and if all metal rusts could, 
like mercuric oxide, be decomposed by heat, oxygen 
might be obtained from any one of them. 

This method of making oxygen is, however, inter- 
esting mainly because it was the first means known of 
preparing the gas; it is never used now-a-days to pre- 
pare large quantities of oxygen, since other substances 
are known which contain a larger proportion of oxygen, 
and which give it off when they are heated more easily 
than mercuric oxide does : these substances are also pre- 
ferable on account of their greater cheapness. 

Potassium chlorate is most frequently employed for 
the preparation of small quantities of oxygen; if 
heated until no more gas is given off it parts with the 
whole of its oxygen, as is shown by the following 
equation: KC10 S = KC1 + O a 

Exp. 2. — Place in a clean, dry test-tube a little potas- 
sium chlorate and heat it The white salt after de- 
crepitating or crackling, fuses or melts, and when 
further heated appears to boil ; the small bubbles which 
are given off consist of oxygen gas ; this may be readily 

E roved by holding in the mouth of the test-tube a 
urning or glowing splinter of wood. 
Potassium chlorate gives off oxygen gas much more 
readily than mercuric oxide does ; but if it is mixed 
with small quantities of certain other substances, which 
themselves appear to undergo no change, its oxygen is 
driven off by heat with extreme facility ; of these sub- 
stances, manganese dioxide, or black oxide of manganese, 
is the one usually chosen. 
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Exp. 3. — Powder finely in a mortar potassium chlo- 
rate sufficient to fill a watch glass, mix with it in the 
mortar about one-fifth as much powdered manganese 
dioxide, and heat a small quantity of the mixture in 
a test-tube ; the oxygen can be detected by the spark 
test as soon as the mixture is heated, and a com- 
paratively gentle heat will cause the gas to be rapidly 
evolved. 

In the preceding experiments the oxygen has been de- 
tected in the tube in which it was prepared, and has been 
allowed to pass away freely into the air. When the gas 
is to be collected in a vessel unmixed with air, the ves- 
sel is first filled with water, and the gas is then allowed 
to displace the water. For this purpose the oxygen is 
made to pass through a bent glass delivery-tube, which 
is fitted by means of a cork into the mouth of the test- 
tube ; the end of this tube dips into some water, and the 
bubbles of gas as they issue are allowed to rise into a 
vessel full of water which is inverted over the end of 
the delivery-tube. This process of collecting oxygen is 
fully described in the following experiment : 

Exp. 4. — Select a sound cork which is somewhat too 
large to fit the mouth of the test-tube to be used ; soften 
it by squeezing, or by rolling it on the floor with gentle 
pressure from the foot ; it should now fit tightly into 
the mouth of the test-tube. Then bend (4) a piece of 
hard glass tubing, about fourteen inches in length, into 
the form shown in Fig. 15 ; so adapting the bends by 
trial, that when the apparatus is fitted together the 
bottom of the test-tube may be at such a height as to be 
conveniently heated by the flame, the end of the deliv- 
ery-tube at the same time dipping about an inch under 
the water contained in a strong stoneware pan. Make 
a hole through the centre of the cork (9) of such a size 
that the glass tube fits tightly into it. Then test 
whether the apparatus is air-tight by fitting the glass 
tube into the cork, and the cork into the test-tube, 
and blowing down the open end of the delivery- 
tube; no air must be heard to escape, or must be 
seen to bubble out on moistening the cork ; if air does 

3* 
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escape, a fresh cork must be taken. Now transfer the 
oxygen mixture into the perfectly dry test-tube, either 
by pouring it oft' a piece of paper folded into a trough, 
or by scooping it up from the mortar with the mouth 
of the test-tube ; then fit in the cork and deli very -tube. 
Before heating the tube, fill the jar in which the oxy- 
gen is to be collected with water, close it with a ground- 
glass plate, invert its mouth in water three or four 
inches in depth contained in the stoneware pan or 
bowl, and carefully removethe glass plate. If this opera- 



tion has been performed with pro]>er care the jar will be 
entirely filled with water and no air bubble will remain. 
Next proceed to heat the oxygen mixture at the for- 
ward jKirt only, since the escape of gas from behind 
would force the front part of the mixture out of the 
tube. The tube should either l>e held in the hand or 
supiKjrted by a clamp with its closed end slightly raised, 
so that any moisture which may be condensed in the cold 
end does not trickle l>ack upon the heated portion and 
crack it. The lamp should be kept slowly moving 
with the other hand, and a small flame only used, 
in order to prevent any jiart of the glass from being 
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suddenly and strongly heated, which would be liable to 
crack or melt it. 

Oxygen gas will soon be evolved, but will not at once 
appear at the end of the delivery-tube, since it has first 
to drive out the air which filled the apparatus ; as soon 
as a slip of wood glowing at its end is kindled at the 
mouth of the delivery-tube, the oxygen has driven out 
the air and is beginning to escape ; the end of the de- 
livery-tube is then at once dipped under water beneath 
the mouth of the jar, and the stream of bubbles ris- 
ing in it will rapidly displace the water. A stone- 
ware beehive shelf will be found convenient for sup- 
porting the jar: this is shown in Fig. 18. As soon 
as the vessel is full of gas, close its mouth under water 
with the glass plate, and remove it for experiment. 
The iar may also be removed by slipping under its 
mouth a small dish or saucer, the water taken out in the 
saucer serving to close the mouth of the jar. 

Several jars filled with oxygen will be required for 
the following experiments, or the same vessel may, if 
necessary, be refilled with the gas after the completion 
of each experiment. 

If at any time the gas should be given off too rapid- 
ly, the flame must be removed until the current of gas 
slackens ; the hinder portions of the mixture should be 
heated only after the part in front refuses to yield any 
more gas: when the process is to be stopped, the 
end of the delivery-tube must be removed from 
the water before the gas has ceased to bubble out ; 
and the hot part of the test-tube must not be al- 
lowed to touch cold or wet objects, which would crack 
the glass. 

Oxygen gas is remarkable for the energy with which 
it combines with or burns many substances : three ex- 
amples of this property are given in the following exper- 
iments : 

Exp. 5. — Select a piece of wood charcoal about the size 
of a hazel nut ; place this in a metal deflagrating spoon, 
then adjust the wire handle in the brass cap, so that when 
held beside the jar of oxygen with the cap on a level with 
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its mouth, the spoon is about an inch from the bottom of 
the jar (Fig. 16). Now heat the charcoal in the Bnnsen 
Fig. 16. or blowpipe flame (5) until a part of its 
surface glows when held in the air, and 
quickly place it in the jar of oxygen 
with the brass plate covering its mouth 
(Fig. 16). The charcoal will bum 
much more brilliantly and rapidly than 
in air, and will convert the oxygen in- 
to carbon dioxide gas : C + O a = CO,. 
When the combustion ceases, pour into 
the jar some clear lime water from a 
small beaker or test-tube, quickly close 
the jar and shake the liquid inside it ; 
the clear liquid will become milky, 
indicating the presence of carbon 
: dioxide gas, as will be hereafter ex- 
' plained. 

Exp. 6. — Remove the charcoal from 
the deflagrating spoon, and replace it by a piece of sul- 
phur as large as a pea ; heat the spoon in the flame until 
the sulphur melts and begins to burn with a pale blue 
almost invisible flame. Then place the spoon in a fresh 
jar of oxygen ; the sulphur will at once burn with a 
much brighter flame, converting the oxygen into sulphur 
dioxide gas : S 4- CX, = SO* The presence of tins gas is 
proved by its suffocating smell : also by pouring a little 
water into the jar and shaking it round ; sulphurous 
acid is thus formed, and is recognized by dropping into 
the water a piece of blue litmus paper, which is imme- 
diately reddened ; also by pouring in a few drops of 
red potassium dichromate solution, the color of which 
changes to green. 

Exp. 7. — Burn away from the deflagrating spoon any 
remaining sulphur, and put into it when cold a small 
piece of carefully dried phosphorus not larger than half a 
pea. The phosphorus may be cut with a knife ; it must lie 
touched only with the brass tongs or with irrt fingers, and 
should lie handled as little as possible, since it is liable to 
cateh fire by the heat of the hand ; it should always be kept 
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under water, and dried only immediately before being 
used by pressing it between filter-paper or blotting- 
paper or with a dry cloth. Set fire to the phosphorus by 
holding the spoon in the flame and notice how it burns 
in the air ; then place the spoon in a jar of oxygen ; the 
phosphorus will burn most brilliantly, producing a 
white substance called phosphoric oxide : P 2 -f 5 = P 2 4 . 
When the phosphorus has ceased to burn, pour in a 
little water and shake it round in the jar ; the white 
substance will dissolve, yielding phosphoric acid : — 
P 2 6 + 3H a O = 2H S P0 4 . The water may now be proved 
to contain this acid by dropping into it a piece of blue 
litmus paper, which will" be immediately reddened. 

Test for oxygen. — Oxygen is conveniently tested for 
by introducing into the gas a slip of wood with a spark 
at the end; the spark is caused to burst into flame. 
One other gas possesses this property, but it is readily 
distinguished from oxygen by other means. This test 
only detects oxygen when it is in a nearly pure condi- 
tion. Another test for uncombined oxygen in gaseous 
mixtures is given in experiment 25. 



Nitrogen Gas. 



14. Atmospheric air has been shown to contain oxy- 
gen, but experiment proves that its main constituent is 
another gas called nitrogen. To obtain this gas phos- 
phorus may be burnt in air enclosed over water ; the 
phosphoric oxide thus formed is allowed to settle down 
and dissolve in the water ; the nitrogen which remains 
will then be found to amount to four-fifths of the air 
employed, and to have the property of extinguishing a 
flame. 

Exp. 8. — The air may be most conveniently enclosed 
in a bell jar, by immersing the mouth of the jar to a 
depth of several inches in water contained in a stone- 
ware pan, and then inserting the cork or stopper into 
its neck (Fig. 17). A small piece of well -dried phos- 
phorus is placed in a little dry porcelain dish, and the 
dish is floated on the water in the pan ; the open bell 
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jar is then placed as a cover over the floating dish, with 
its mouth resting on two strips of sheet lead laid upon 
the bottom of the pan ; the phosphorus is kindled by 
touching it with the end of a long piece of wire, or of a 
glass rod, which has been heated in the flame; the cork 
or stopper is then immediately inserted, and the jar is 
Fio. 17. 



held down by the hand until it stands steadily. When 
the phosphorus has united with all the oxygen of the 
enclosed air, it ceases to burn ; and as the remaining 
gas, expanded by the heat, coots, water rises in the bell 
jar and fills one-fifth of the space previously occupied 
by the air. 

Text for nitrogen. — Water should then be poured into 
the pan until the level inside and outside the bell jar is 
tlie same; if the cork or stopper is now removed and a 
burning taper or strip of wood is introduced, the flame 
will be at once extinguished by the nitrogen. 

OfflJSE fi,\S. 

16, Oxygen is converted by electricity, and during 
certain processes of chemical oxidation, into a gas known 
as ozone. This gas has a peculiar smell, and possesses 
other properties which distinguish it from oxygen ; 
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since, however, it can be both made from oxygen, and 
reconverted into oxygen, without any change of weight 
occurring, ozone is only altered or allotropic oxygen. 

Exp. 9. — Place a piece of phosphorus in a jar of air, 
the bottom of which is just covered with a thin layer of 
water, and close its mouth with a glass plate. Stir a 
little starch powder with some cold water, and pour this 
gradually into water which is boiling briskly in a small 
porcelain dish ; cool this starch solution, and mix a few 
drops of potassium iodide solution with part of 
it in a little porcelain dish ; moisten with this liquid a 
strip of filter paper, and suspend it in the jar containing 
the phosphorus. Sooner or later the strip will become 
blue by the action of the ozone, which has been formed 
during the spontaneous oxidation of the phosphorus ; 
the faint garlic smell of ozone will also be perceptible in 
the jar. 

Hydrogen Gas. 

16. Water consists of oxygen combined with another 
gas called hydrogen; several processes are known for 
preparing hydrogen from water. This gas is, however, 
most readily obtained from certain acids by the action of 
metals upon them. 

Exp. 10.— Fit a two-necked Woulffe's bottle with 
perforated corks, bearing a thistle funnel whose end 
reaches nearly to the bottom of the bottle and a bent 
tube terminating just below the cork (Fig. 18) ; then 
adapt a bent delivery- tube by means of a short piece of 
tightly-fitting india-rubber tubing. A wide-necked bot- 
tle, fitted as is shown in Fig. 21, p. 27, may be used in- 
stead of the Woulffe's bottle. Put into the bottle suffi- 
cient granulated zinc to cover the bottom ; replace the 
cork ; ascertain that the apparatus is air- tight by closing 
the end of the delivery-tube and blowing down the 
thistle funnel ; then pour water in through the funnel 
until the zinc and the end of the funnel-tube are cov- 
ered and add pure strong hydrochloric acid gradually, 
mixing the acid with the water by shaking the bottle ; 
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hydrogen will be seen rising from the zinc in numerous 
small bubbles : Zn + 2HCI= H 3 + ZnCl,. 

Dip the end of the delivery-tube under water con- 
tained in the pan, and allow the gas to bubble out through 
the water for at least five minutes. This delay in col- 
lecting the gas is necessary in order to give the hydrogen 
time to remove the air which filled the bottle, a mixture 
of air with certain proportions of hydrogen being explo- 
sive if kindled. Before collecting larger quantities, the 
escaping gas must be proved to be no longer explosive ; 
Fig. 18. 



this is done by inverting a test-tube filled with water 
over the end of the delivery-tube, closing it with the 
thumb when it is full of gas, removing it from the 
water, and holding its open mouth to aflame; if the 
gas burns with a slight explosion, the tube is again 
filled with the gas and the experiment is repeated. 
As soon as the gas burns quietly with a pale flame, 
a small thick glass cylinder or tube may be filled 
with hydrogen in the same way as was directed for 
oxygen ; the jar is then removed and the gas kin- 
dled. 

During the further preparation of gas for the follow- 
ing experiments, it is occasionally necessary to pour in a 
little more strong acid through the funnel-tulm when the 
evolution of hydrogen becomes too slow. 

Exp.11. — Hold another jar of hydrogen for a short 
time with its mouth open and directed upwards, the gas 
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will entirely escape ; the absence of the gas may be 
shown by holding a lighted taper in the vessel, when no 
hydrogen flame will be seen. If the cylinder be once 
more filled with hydrogen and held for a short time 
with its mouth downwards, the hydrogen will remain 
in it and will burn with a pale name when a lighted 
taper is introduced : note, however, that the gas lights 
with a slight report ; this is due to admixture of air by 
spontaneous diffusion. These experiments prove that 
hydrogen is much lighter than air, since its tendency to 
rise prevents it from escaping downwards, whilst it 
readily escapes upwards. 

Since hydrogen is so much lighter than air, it can be 
made to replace air instead of water in the vessel in 
which it is to be collected; for this purpose the del tvery- 
tube of the hydrogen apparatus is passed up to the tep 
of an inverted jar ; the hydrogen then gradually pushes 
down the heavier air and fills the jar. 

Exp. 12. — A jar may be filled with hydrogen by dix- 
ptacanent by quickly re- f io . 19. 

placing the bent tube in 
the cork by a straight 
one eight or nine inches 
in length (Fig. 19). — 
When a brisk efferves- 
cence of gas has been 
caused by pouring in 
some strong hydrochlo- 
ric acid, pass this tube 
up to the top of an in- 
verted jar, and allow the 
jar to remain in this po- 
sition for several min- 
utes, The mouth of the 

jar may be loosely closed daring thi* pro»*M l»y a pifs»! 
of perforated metal or cardboard, which r»-»tti upon n 
small piece of india-rubber tobing puMiM on the deliv- 
ery-tube; this will hinder the vpoiitaneoiiM mixture will) 
the air, or diffugvm, which owurs wind the ga»« an: in 
contact. 
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Remove this jar, keeping it inverted, and push up 
inside it a burning wax-taper five or six inches in 
length; the hydrogen will be lighted and will burn 
with a pale flame at the mouth of the jar, but the flame 
of the taper will be seen to be extinguished by the gas : 
the taper may, however, be rekindled by holding it in 
the hydrogen flame burning at the mouth of the jar. 

Exp. 13. — Cover the bottle and funnel-tube with a 
cloth to prevent accident in case of an explosion, ant) 
light the hydrogen at the eud of the delivery-tube used 
in the last experiment. Hold over the flame a tumbler 
or. beaker, which is perfectly clean, dry, and cool; the 
inside will become dimmed with moisture, showing that 
hydrogen gas when burning in the air is uniting with 
oxygen and producing water: H, + = HjO. 

In order to make this result conclusive the hydrogen 
should be dried before it is burnt, since a gas which has 
„ been in contact with water is al- 

Fiq. SO. . . 

ways moist, or contains more or 

( less vapor of water. The gas 

may be dried or desiccated Dy 

passing it through some substance 

which readily absorbs moisture, 

such as strong sulphuric acid or 

calcium chloride. A straight 

tube containing fragments of 

calcium chloride (Fig. 20 a), or 

a U-tube filled with pieces of 

pumice-stone moistened with strong sulphuric acid (ft), 

may be connected with the hydrogen apparatus for the 

purpose of drying the gas. 

Exp. 14. — Fill a short, thick glass cylinder with 
water, then invert it in a pan of water; displace one- 
tliird of the water in the cylinder with oxygen (13, 
Ex|i. 4), and the remainder with hydrogen (16, Exp. 
10); let the jar stand with its mouth underwater for 
five or six minutes to allow the gases to mix; then 
raise the inverted jar and apply a lighted taper: the 
gases will combine to form water with a loud explosion. 
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Teat for hydrogen. — Hydrogen gas ia recognized by 
burning with a pale Same in air or oxygen, the flame 
of the dried gas depositing water on any cold object held 
above it. 



Carbon Dioxide, or Carbonic Anhydride Gas. 

17. Thta gas was formerly called carbonic acid, a 
name which is incorrect, since all acids contain hydro- 
gen. 

When carbon was burnt in oxygen (13, Exp. 5) car- 
bon dioxide gas remained in the jar: it may be prepared 
in this way, but is much more easily obtained by pour- 
ing hydrochloric acid upon some pieces of marble : 

CaCO,+ 2HCl=CO,+ H.O+ CaCl,. 
Chalk or limestone may be substituted for marble, but 
they are apt to froth and to give off the gas too rapidly. 

Exp, 15. — Rinse out the apparatus used for prepar- 
ing hydrogen and place in it some 
small pieces of marble; fit into the lo ' 

india-rubber joint a delivery- tube 
bent at right angles (4), as is shown 
in Fig. 21; then pour through the 
funnel-tube sufficient water to cover 
the marble and the end of the fun- 
nel-tube, and add strong commercial 
hydrochloric acid until the gas comes 
off with brisk effervescence. Place 
the delivery-tube in a jar with its 
end nearly touching the bottom, and 
allow the gas to pass into the jar fur several minutes. 

It is weU to cover the month of the jar with a small 
disc of cardboard, which has had a slit or hole cut in it 
for the delivery-tube, so as to hinder diffusion. 

Carbon dioxide, being much heavier than air, will 
soon fill the jar by displacement; that is to say, the gas 
constantly supplied to the lower part of the jar will 
remain there, and, as it accumulates, will gradually lift 
out the air. 
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Since this gas has the property of extinguishing a 
flame, it is easy to ascertain when the jar is full by 
holding a lighted taper just inside its mouth : if the 
flame is extinguished, the carbon dioxide has reached 
the top. 

Carbon dioxide is largely dissolved by water ; hence 
the process of collecting it by displacement is preferred 
to collection over water. 

Exp. 16. — Allow a jar of carbon dioxide to stand 
uncovered and with its mouth upwards for a few min- 
utes; then place in the jar a burning taper: the carbon 
dioxide is proved to be still present in tne vessel by the 
immediate extinction of the flame. Now hold the jar 
for several minutes with its mouth downwards ; on test- 
ing with a lighted taper, only air will be found in the 
vessel. 

These experiments prove that carbon dioxide is 
heavier than air, since it remains in a vessel which is 
open above, and falls out of one which is open below. 

Exp. 17. — As this gas is so much heavier than air, it 

can be poured like water into a 
FlQ - 22 ' vessel full of air. A jar full of 

carbon dioxide is gradually 
tilted a little beyond the hor- 
izontal position (Fig. 22), with 
its mouth over that of a small 
beaker. After holding the jar 
in this position for a short time, 
it may be shown by means of a lighted taper that the 
gas has left the jar and is present in the beaker. 

Exp. 18. — Pour some lime water from a test-tube or 
small beaker into a jar of carbon dioxide and shake the 
liquid round in the jar : the lime-water will at once be- 
come milky. The lime, which was dissolved in the 
water and was therefore invisible, has been converted 
by the carbon dioxide into chalk or calcium carbonate ; 
and this, being an insoluble substance, remains mixed 
as a white powder or precipitate with the water: 
CaH 2 O a +CO a =CaCo 3 + H a O. 



§n 
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Carbon dioxide gas readily dissolves in cold water, 
forming a liquid which probably contains carbonic acid : 
C02 + H20=H 2 C03. This may be proved as follows: 

Exp. 19. — Carbon dioxide is made to displace the air 
from a jar previously half filled with cold water; the 
mouth of the jar is then tightly closed with the wetted 
palm of the hand, and the gas and water are shaken 
together vigorously for a short time; the mouth of the 
jar will now firmly adhere to the hand, owing to the 
reduction of the internal pressure caused by the absorp- 
tion of the gas. 

A further proof is afforded by dipping the end of the 
delivery-tube (Fig. 21) to the bottom of a small beaker 
containing water, so as to cause the gas to bubble through 
the liquid. After the bubbles have passed for several 
minutes, a few drops of the water may be poured into 
a test-tube containing lime water; the lime water will 
immediately become milky. 

On dropping into another part of the carbonic acid 
solution a little blue litmus solution, or a piece of blue 
litmus paper, the litmus will become red, indicating the 
presence of an acid : preserve this liquid. 

If the liquid containing carbonic acid be tasted it will 
be found to possess a taste resembling that of soda water; 
and in fact soda water is merely water which contains 
a large quantity of carbonic acid, as may be proved by 
testing it with lime water and with litmus. 

Exp. 20. — Heat some of the water containing car- 
bonic acid in a test-tube until it boils : bubbles of gas 
will rise in the water as soon as heat is applied, and after 
the liquid has been boiled briskly for several minutes, it 
may be proved to be free from carbonic acid by testing 
it with lime water and with litmus. The reddened litmus 
in the carbonic acid solution put by from a previous test 
will also become blue when it is boiled. 

These experiments prove that carbon dioxide may be 
completely expelled from water by boiling the liquid for 
some time. 

4* 
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Exp. 21. — Dilute some lime water in a small beaker 
with an equal quantity of distilled water, and allow 
carbon dioxide gas to bubble through it; a milkiness 
will be produced at first owing to the formation of cal- 
cium carbonate; but if the gas is allowed to pass for 
several minutes through the liquid, the milkiness will 
gradually disappear, showing that calcium carbonate is 
soluble in carbonic acid. 

On boiling some of this clear liquid, however, for 
several minutes, the carbonic acid will be destroyed, as 
has been already shown ; the liquid therefore will become 
milky again, because the chalk can no longer remain 
dissolved. On pouring out the water part of the calcium 
carbonate will remain adhering to the inside of the tube; 
it may be readily removed by rinsing the tube with a 
little hydrochloric acid. 

The above experiment explains the origin of the 
coating or incrustation inside kettles and steam boilers, 
in which hard chalk water has been boiled. Such water 
contains chalk dissolved by carbonic acid; this acid is 
removed when the water is boiled, and a great part of 
the chalk is deposited upon the inside of the vessel. 

Tests for carbon dioxide. — The presence of carbon 
dioxide gas may be detected by its power of extinguishing 
a burning taper, and of turning lime water milky : the 
latter test distinguishes it from nitrogen. These tests 
may now be employed to prove that carbon dioxide is 
evolved from the lungs during the process of respiration, 
and also that it is produced by an ordinary flame. 

Exp. 22. — Invert a jar full of water in a pan of water 
and blow the breath into it through a glass tube, one 
end of which is dipped beneath the mouth of the jar. 
In order to obtain air from the lungs a full breath 
should be taken in, and the greater part having been 
expelled so as to replace the air contained in the wind- 
pipe and mouth by air from the lungs, the remainder 
of the breath is allowed to bubble up into the jar. 
Close the jar, remove it from the pan, and introduce 
into it a lighted taper; the flame will be immediately 
extinguished. 
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Fill another jar in the same way and shake up lime 
water in it; also blow the last part of the breath 
through a glass tube into lime water contained in a 
small beaker ; the lime water will become milky. 

Exp. 23. — Light a small piece of candle or wax 
taper upon a deflagrating spoon, and place it in a bottle 
of air, the mouth of which is closed by the brass plate 
(Fig. 23). After burning for a short time the flame 
will be extinguished, and if relighted it will be again 
extinguished when placed in the jar ; this is due to the 
production of carbon dioxide, and to the reduction 
of the amount of free oxygen in the f io- 2 3. 
air. Now pour in some lime water 
from a small beaker and shake it round 
in the bottle; the liquid will become 
milky. A similar experiment may be 
performed by inverting the bottle over 
a small gas flame, and closing the mouth 
of the bottle with a glass plate as soon 
as the flame is extinguished. The milk- 
iness produced by shaking lime water 
in the bottle will again prove the pro- 1 ; 
duction of carbon dioxide by combustion. 

Hence carbon dioxide gas is constantly being intro- 
duced into the atmosphere by respiration and by com- 
bustion, and we should therefore expect to be able to 
detect its presence in air by the above tests. It is not 
ordinarily present in sufficient quantity to extinguish a 
burning taper, but the presence of carbon dioxide in air 
may be shown by lime water in the following way : 

Exp. 24. — Pour some clear lime water into a watch 
glass or clock glass, and allow it to stand for a few 
minutes in the air ; a film of calcium carbonate will 
gradually form on the surface, yielding white flakes 
when the water is stirred. 




18. Nitric oxide gas may be prepared in the apparatus al- 
ready used for making carbon dioxide. The pieces of marble 
are removed and the apparatus washed out; some copper 
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clippings or turnings are then placed in the bottle, and water is 
poured in until the end of the funnel-tube is covered ; strong 
commercial nitric acid is then added gradually until a reddish - 
brown gas appears inside the bottle ; this gas is allowed to bub- 
ble off for a time through water; it may then be collected over 
water, as was directed for hydrogen gas: 3Cu -f 8HNO. = 2NO 
+ 3Cu(NO,), + 4H 2 0. 

Nitric oxide is colorless, but it is converted into reddish- 
brown nitrogen trioxide and nitrogen tetroxide when it is 
mixed with free oxygen. 

Exp. 25. — Prove this by filling a jar with nitric oxide gas 
over water, and then either passing oxygen up into it, or allow- 
ing it to stand with its moutn open in the air ; the entrance of 
the oxygen or air at once produces red fumes. 

The appearance of red fumes in the preparation vessel is now 
explained ; the bottle was at first filled with air, the first por- 
tions of the gas therefore mingled with free oxygen as soon as 
they were produced. 



Ammonia Gas. 

19. The pungency of common smelling salts is due to 
the ammonia gas which is constantly being given off 
from solid carbonate of ammonia. 

The gas is evolved much more rapidly if either car- 
bonate of ammonia or sal ammoniac is mixed with lime, 
and the mixture is then gently heated. 

Exp. 26. — Powder a little ammonium chloride or 
ml ammoniac in a mortar, and mix with it about an 
equal quantity of slaked lime in fine powder: the am- 
monia gas escaping from the mixture will be readily 
smelt : 

2NH 4 C1 + CaH 2 2 = 2NH 3 + CaCl 2 + 2H 2 0. 

Exp. 27. — Pour liquor ammonias fortissima into a 
small flask (Fig. 24) until it is about one-quarter filled, 
and close the neck of the flask with a tightly- 
fitting perforated cork, into which a straight piece 
of glass tube eight or nine inches long has been fitted. 
Heat the flask gently by a small flame upon a 
piece of wire gauze on a tripod stand : ammonia gas 
will soon be smelt issuing from end of the tube. 

Since it is much lighter than air, ammonia may beool- 
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lected by displacement in a perfectly dry jar ; the jar is 
conveniently supported by Fl0 M _ 

passing it through the ring 
of a retort stand, and letting 
its mouth rest on a card- 
board disc, which is itself 
supported 011 a ring of india- 
rubber tubing, as is shown 
in the figure. To ascertain 
when the vessel is filled 
with the gas, it is only 
necessary to hold at the 
mouth of the jar a piece of 
moistened red litmus or 
yellow turmeric paper ; if 
the ammonia has filled the 
jar, it will change the color i 
of the litmus to blue and the - 
turmeric to reddish-brown. 

Ammonia gas does not burn continuously in cold air, 
but it burns readily in strongly-heated air or in oxygen 



Exp. 28. — Show this by holding the end of the de- 
livery-tube, from which a stream of the gas is issuing, 
in the top of a Bunsen flame ; a pale yellowish -green 
flame of burning ammonia will be seen. If the ammo- 
nia is kindled as the end of the tube is passed into a jar 
of oxygen, the ammonia will also continue to burn. 

Ammonia is extremely soluble in water and must 
therefore be collected either by displacement or over 
mercury. For this reason the inside of a vessel in 
which ammonia is to be collected should always be 
perfectly dry to prevent absorption of the gas. 

Exp. 29. — Place a jar full of ammonia mouth down- 
wards in a vessel of water, and gently shake the jar so 
as to agitate the water at its mouth; the liquid will 
rapidly absorb the gas and rise in the jar until it fills 
the space formerly occupied by the aiumonia: a small 
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space, however, frequently remains filled with the air 
which was present in the ammonia. 

Exp. 30. — Pour a little water rapidly from a small 
beaker into a jar of ammonia gas, and at once cover the 
jar with a glass plate or with the hand ; then shake the 
water in the jar; the water, when poured out, will be 
found to have acquired the pungent smell and the action 
upon litmus and turmeric papers which characterize 
the gas. 

This liquid is in fact weak liquor ammonwe, a solution 
which is prepared commercially in large quantities by 
passing ammonia gas for some time into cold water. 
It slowly gives off a portion of the gas it contains at 
ordinary temperatures, and furnishes ammonia gas 
readily when heated, as has been already proved. If 
ammonia solution is boiled for some time the gas is 
almost completely expelled from it. 

Exp. 31. — Pour into a glass jar a little strong 
hydrochloric acid, close the mouth with a glass plate 
and shake the acid about inside the jar; hydrochloric 
acid gas will thus be liberated ; the liquid may then 
be allowed to run out by slipping aside the glass 
Fig. 25. plate for a moment. Place this jar in 
t-rp an inverted position over another con- 

taining ammonia gas and covered with 
a glass plate (Fig. 25 a) ; then withdraw 
the glass plates, so that the mouths of 
g the jars are in contact (6) and the hy- 
drochloric acid and ammonia gases can 
freely intermingle. Dense opaque white 
fumes of solid ammonium chloride will 
immediately be formed: NH 3 + HC1= 
NH 4 C1. 

These fumes may also be obtained by dipping a glass 
rod or a strip of filter paper into some strong hydro- 
chloric acid, and holding it in the ammonia gas as it 
issues from the delivery tube of the apparatus (Fig. 24), 
or in a jar previously filled with the gas. 

Testis for ammonia gas. — Ammonia gas may be readily 
recognized by its pungent smell, by turning moistened red 
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litmus paper blue and moistened turmeric paper reddish- 
brown, also by giving opaque white fumes when in 
contact with any surface moistened with strong hydro- 
chloric acid. 

Carbon Monoxide Gas. 

20* This gas is produced when carbon dioxide is 
passed over red-hot charcoal: C0 2 +C=2CO. It is 
often formed in this way in open grates, and is seen 
burning with its characteristic blue flame. 

A mixture of carbon monoxide with an equal measure 
of carbon dioxide may be cheaply prepared by heating 
crystals of oxalic acid with strong sulphuric acid : 

H 2 C 2 O 4 2H 2 O+H 2 S0 4 =CO + CO,-f H2S0 4 .3H 2 0. 

Exp. 32. — Pour upon some oxalic acid crystals in a 
test-tube about twice as much strong sulphuric acid, and 
heat the mixture.* In a short time effervescence will 
be noticed, showing that gas is being evolved ; hold in 
the mouth of the tube a glass rod freshly dipped into 
lime water ; the drop of lime water hanging upon its 
end will become milky, proving that carbon dioxide is 
present. Hold a burning taper to the mouth of the 
test-tube, a blue flame will be produced by the carbon 
monoxide gas burning in the air. 

In order to free the carbon monoxide from carbon 
dioxide the mixture of the gases is washed with solution 
of caustic soda, or is passed over pieces of solid caustic 
soda or soda lime ; the caustic soda absorbs the carbon 
dioxide readily, but allows the carbon monoxide to pass 
on: 

CO + C0 2 + 2NaHO=CO+ Na 2 C0 5 +H 2 0. 



• Strong sulphuric acid is a verv corrosive liquid, and great care 
must be taken not to get any upon the skin, the clothes, or the working 
bench ; should this or any other acid get upon the skin or the bench, 
it must be at once washed off; if it should be spilt upon the clothes, 
the part must be immediately wetted with ammonia solution. 

If a dilute acid has remained for some time on the clothes it will 
produce a red stain ; this may be removed by ammonia solution, unless 
it has been caused by nitric acid. 
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Exp. 33. — Heat a mixture of oxalic acid crystals and 
strong sulphuric acid in a flask, fitted as is shown in Fig. 
26, carefully moderating the heat when effervescence 
commences. Pass the gases which are evolved through a 
wash-bottle containing caustic soda solution, ur through 
a tube (a) or a U-tube (b) showu iu Fig. 20, which is 



filled with fragments of slaked lime, caustic soda, or, 
better, soda lime, or with fragments of pumice-stone or 
broken tobacco-pipe stem moistened with strong caustic 
soda solution ; if the carbon dioxide is to be completely 
removed, the eases must be passed through two or more 
such tubes or oottles. 

The carbon monoxide gas mav be collected over water; 
it will be found to give no milkiness when it is shaken 
with Hme water, unless the stream of gas has been so 
rapid that the caustic soda has not been able to absorb 
the carbon dioxide completely. 

By heating a formate with strong sulphuric acid, 
carbon monoxide alone iw given off; it Is thus readily 
obtained free from carbon dioxide: NallOOj-f. H^SO,— 
CO+NaHSa.11,0. 

Carbon monoxide resembles hydrogen in being in- 
flammable and in extinguishing flame; it also explodes 
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when it w mixed with certain proportions of oxygen or 
air and kindled ; hence, before collecting it in a cylinder, 
the gas should be proved to be free from air by filling 
a small test-tube and seeing that it burns quietly. 

Exp. 34. — Push a burning taper up into a jar filled 
with carbon monoxide ; the gas will burn with a blue 
flame at the mouth of the jar, but the taper will be ex- 
tinguished. As soon as the gas has ceased to burn in- 
side the cylinder, pour in a little lime water and shake 
it about ; the liquid will become milky, showing that 
by the combustion of carbon monoxide in the oxygen 
of the air carbon dioxide gas is produced : Co + O = CO,. 

Ted for carbon monoxide. — Carbon monoxide is recog^ 
nized by burning with a pale blue flame in the air, and 
producing carbon dioxide, which renders lime water 
milky. 

21. Chlorine gas may be made in the apparatus employed for 
the preparation of carbon monoxide (Fig. 26) : the washing- 
bottle may either be dispensed with, or it may be partly filled 
with water to free the chlorine from hydrochloric acid gas. 

Exp. 35. — Place some small pieces of manganese dioxide 
in the flask, pour in strong hydrochloric acid mixed with about 
one-third its measure of water, and heat the mixture gently 
in a draught-cupboard or in the open air. A greenish-yellow 
gas will be evolved, which may be collected by displacement, 
since it is much heavier than air : 

MnO, + 4HC1 = CI, + MnCl, + 2H,0. 
This gas has a very destructive action on the lungs, and must 
on no account be inhaled in any quantity. 

Tuts for chlorine. — Chlorine is usually recognized by its 
yellowish-green color, its peculiar smell, and by its property 
of bleaching moist vegetable colors. 

This last property is shown by placing in a jar of the gas a 
piece of moistened litmus paper, or of Turkey-red fabric dyed 
with madder: the colors of both will be destroyed. A burn- 
ing wax taper plunged into a jar of chlorine continues to 
burn with a very smoky flame : a strip of filter paper wetted 
with hot turpentine catches fire spontaneously in chlorine, and 
gives rise to dense smoke : a piece of dutch-foil or copper-leaf 
also burns when dropped into chlorine. 



22. Hydrogen chloride, or hydrochloric acid gas. 
Exp. 36. — Place in the flask which was used 



for the prepa- 
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ration of carbon monoxide (Fig. 26) several lumps of rock salt 
or sodium chloride ; pour in some strong sulphuric acid and 
heat gently : hydrochloric acid gas will be evolved : NaCl + 
H,SO. = HCl-f NaHSO,. This gas is heavier than air and 
should be collected by displacement in the same way as car- 
bon dioxide, since it dissolves easily in water giving liquid 
hydrochloric acid. 

Tests for hydrochloric acid. — This gas is recognized by its 
pungent smell, by fuming in the air, by turning moistened 
Dlue litmus paper red, and by giving opaque white fumes with 
ammonia gas or strong ammonia solution ; it will also render 
milky a drop of silver nitrate solution, which has been acidi- 
fied with nitric acid and is then introduced into the gas on 
the end of a glass rod. 

23. Sulphurous oxide, or sulphur dioxide, has been already 
made by burning sulphur in oxygen ; prepare it also as is di- 
rected below. 

Exp. 37. — Put scraps of copper into the flask (Fig. 26), then 
pour in strong commercial sulphuric acid and heat : sulphur- 
ous oxide is evolved when the acid nearly boils : Cu+ 2MJ30 4 
= SO, + CuSO, + 2H.O. 

The gas may be cooled and washed by passing it through a 
little water : it is then collected by displacement, since it is 
much heavier than air and is extremely soluble in water. 

Tests.— -Show by introducing a burning taper into this gas 
that it is incombustible and extinguishes flame : note its pun- 
gent suffocating smell : pour into a jar of the gas some dilute 
solution of potassium dienromate and shake it round, also hang 
paper moistened with the dichromate solution in the jar, the 
reddish color is rapidly changed to green : prove also that 
the gas is freely soluble in water, and that its solution is an 
acid. Sulphur dioxide is easily detected by these tests. 



24. Nitrogen monoxide, or nitrous oxide. 

Exp. 38. — This gas may be made by heating solid ammo- 
nium nitrate : NH 4 NO, = N s O + 2H.O. The flask fFig. 26) 
should be closed by a singly perforated cork bearing a delivery - 
tube bent twice at right angles. The washing-bottle is re- 
placed by a similar flask closed by a doubly perforated cork : 
the tubes pass just through this cork, and the flask is weighted 
by pouring shot into it, so that it may be sunk into a pan of 
cola water ; it serves to condense the steam which escapes with 
the gas and to cool the gas. Nitrogen monoxide is much 
heavier than air and may be collected by displacement. 

Tests for nitrous oxide. — This gas has a sweet taste ; it kin- 
dles a spark on a splinter of wood, but differs from oxygen by 
causing a flame to burn with a greenish halo around it, and by 
giving no red fumes with nitric oxide. 



DISTILLATION OF WATEE. 



Distillation. 



35. This process serves to separate liquids which boil 
at a comparatively low temperature either from solids, or 
from other liquids which are only converted into vapor 
at a much higher temperature. It consists in boiling 
the liquid and cooling or condensing its vapor into a 
liquid termed the dmiUate; the non-volatile solid or 
liquid substances are thus left behind in the vessel in 
which the liquid is boiled. The purification of common 
spring water from the solid substances dissolved in it, 
and the preparation of nitric acid, will serve as examples 
of this process. 

Exp. 39. — DistUicdion of water. — Pour tap water into 
a clean retort (Fig. 27) through a funnel placed in the 
month or in the tubulure, until the bulb of the retort is 
half full. Support the retort on the ring of a retort 
stand or upon a tripod stand, with its neck sloping 
downwards and dipping into a small, clean flask, which 
is partly immersed in cold water contained in a pan or 



bowl. On carefully boiling the water in the retort, 
steam will pass into the flask and will be there condensed 
to didiUed water. The first portion of the distillate 
should be shaken round in the flask and thrown away, 
as it is apt to have been rendered impure by rinsing 
the neck of the retort and the flask. 

While this process of distillation is goingon, add tosome 
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tap water in a test-tube several drops of nitric acid and 
of silver nitrate solution, and notice that the water be- 
comes milky ; this result shows the presence of a chlo- 
ride in the water. 

A separate portion in another test-tube will also be 
found to become milky on the addition of some ammo- 
nia and ammonium oxalate solution ; the dissolved lime 
or calcium salts produce this turbidity. 

The presence of a sulphate may be proved by adding 
to another portion a few drops of hydrochloric acid and 
of barium chloride solution. 

If the distilled water from the flask be examined 
in the same way it will remain clear, showing that 
these solid substances have been removed by distilla- 
tion. 

Show also the precipitation of soap by the undistilled 
water. For this purpose dissolve a small shaving of 
ordinary soap by warming it in a little distilled water : 
add a few drops of this soap solution to some tap water 
which half fills a test-tube ; close the mouth of the test- 
tube with the thumb, and shake the water well : no 
lather will form, but the water will appear more or less 
turbid owing to the separation of the soap. Repeat this 
experiment, substituting an equal quantity of distilled 
water for the tap water, and adding soap solution to it 
in the same quantity as before : in this case a lather will 
form on shaking the water, and the liquid will not be- 
come turbid. 

Tests for distilled water. — Distilled water should re- 
main perfectly clear when to separate portions of it are 
added solutions of ammonium oxalate, silver nitrate, 
barium chloride, and ammonium sulphide : these tests 
prove the absence of calcium salts, chlorides, sulphates, 
and of lead and iron salts respectively. Distilled 
water should leave no residue when it is evaporated to 
dryness. 

Exp. 40. — Preparation of nitric acid. — Cleanse there- 
tort from the last experiment by shaking round in the bulb 
a little dilute hydrochloric acid, and thoroughly rinsing 
it out with water ; let it drain for a few minutes, and then 
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pour in some solid nitre or potassium nitrate ; add to 
this, through a funnel placed in the neck or tubulure, a 
quantity of strong sulphuric acid about equal in weight 
to the nitre used ; and in case a non-tubulated retort is 
employed, allow the acid to drain off the neck by sup- 
porting it for some time in an upright position. Pro- 
ceed to distil just as in the preceding experiment; a 
yellow oily liquid will trickle down the neck of the 
retort into the flask; this liquid is somewhat impure 
nitric acid; it will be found to fume strongly in the 
air: KN03+H£0 4 =HN0 3 +KHS0 4 . 

The liquid remaining in the retort should be poured 
out as soon as it is cool ; the retort is then rinsed with 
water. 

Ted for nitric acid. — Pour a little of this acid upon 
some small pieces of copper in a test-tube; reddish- 
brown fumes will appear in the tube either at once or 
on gently warming it; an explanation of this result is 
given under nitric oxide on page 32. This property of 
giving red fumes when treated with copper is often used 
as a test for nitric acid. 



SECTION III. 



ANALYTICAL OPERATIONS. 



In all analytical work the water used must be distilled water, 
and this only should be kept in the wash-bottle. 



Before commencing the . analytical reactions, the stu- 
dent should become familiar with the operations which 
are constantly employed in chemical analysis. The 
processes will be easily understood by reading through 
the following descriptions and performing the experi- 
ments given in illustration of them. 



Solution. 



26. Many solid substances, when they are stirred or 
shaken with water, gradually dissolve in that liquid; 
salt and alum may be mentioned as examples. Other 
liquids may be employed instead of water, and if they 
cause solid substances immersed in them to become par- 
tially or entirely liquid, and to mingle uniformly with 
the liquid, they are said to dissolve the solids. The 
liquid thus obtained is called a solution of the solid, and 
the liquid which dissolves the solid is termed the solvent. 
Further, a solid which dissolves in a liquid is said to be 
soluble in that liquid ; if it does not dissolve, it is said 
to be insoluble. Thus water when shaken with sodium 
chloride, or common salt, dissolves it, yielding solution 
of sodium chloride; water is therefore called a solvent 
for sodium chloride, and this salt is said to be soluble 

in water. 

The process of solution is most rapid when the solid sub- 
stance in the state of powder is stirred in the liquid, since 

42 
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the largest possible surface of the substance is thus 
exposed to the solvent ; solution is also much hastened 
by heating the solvent, since this causes a more rapid 
circulation of the liquid over the solid, and usually in- 
creases the solubility of the substance. 

Two kinds of solution may be distinguished. 

Simple solution occurs when a substance dissolves in 
a liquid without alteration in composition ; the solution, 
therefore, possesses the taste, color and other general 
properties of the solid ; it also yields the solid substance 
again when the solvent is removed by evaporation. 
Solution of sodium chloride in water is an example of 
a simple solution. 

Chemical solution, on the other hand, is always 
attended by a chemical change in the substance to be 
dissolved ; the solution, therefore, contains a substance 
differing in composition from the undissolved solid, and 
on removing the solvent by evaporation the original 
substance is not obtained. 

Exp. 41. — Place a piece of potassium nitrate in a 
small, clean beaker ; partly fill the beaker with water 
and stir the solid about with a glass rod ; the potas- 
sium nitrate will slowly dissolve in the water ; if the 
liquid be heated by placing the beaker on wire gauze 
over a small flame, the solution will be much more 
rapidly effected. 

Powder another piece of potassium nitrate by crush- 
ing it in a mortar, and then rubbing it round with the 
pestle ; place this powder in a beaker, pour in water, 
and heat the bottom of the beaker ; the potassium 
nitrate will dissolve much more rapidly than before, 
showing that solution is accelerated by powdering the 
solid and by employing heat. Keep these solutions. 

Exp, 42. — Powder a little copper sulphate in a 
mortar, transfer it to a small porcelain dish, half fill the 
dish with water, and heat it with a small flame upon a 
pipe-clay triangle placed on a tripod or retort stand. 
The blue copper sulphate dissolves, yielding a blue 
solution. Keep this solution. 



44 EVAPORATION. [27. 

These experiments are examples of simple solution. 
The first shows that a colorless solid gives a colorless 
solution, and the second that a colored solid gives a 
colored solution. This is generally true, and hence 
the presence or absence of a colored substance in a 
solution can often be inferred by merely noting the 
color of the liquid. 

Moreover, if a drop of the potassium nitrate solution 
be tasted, it will be found to possess the same taste as 
the solid; chemists occasionally rely upon taste, as well 
as upon color, when examining simple solutions. 

Exp. 43. — Place in a test tube a small piece of mar- 
ble or calcium carbonate, pour upon it a little water 
and heat the tube ; the calcium carbonate will be found 
to be insoluble in water. Add to the water some hydro- 
chloric acid : effeive&cence, or escape of numerous small 
bubbles of gas, will occur ; the piece of calcium carbo- 
nate will meanwhile slowly diminish in size, and will 
at last entirely disappear in the liquid if sufficient acid 
is added. 

Exp. 44. — Place in a test-tube a small piece of cop- 
per ; on warming this with a little water it remains 
undissolved ; but on adding to the water some nitric 
acid and heating, the copper slowly dissolves, giving off 
red fumes ; it may be entirely dissolved if sufficient 
nitric acid is employed. 

These are two examples of chemical solution ; the 
calcium carbonate is changed by the hydrochloric acid, 
into calcium chloride, and this substance, not the calcium 
carbonate, remains in solution. The copper is changed 
into copper nitrate, which is then dissolved by the water. 
It will be noticed that in each of these cases a gas is 
given off; this is a very usual, but not a universal, 
effect of chemical solution : the distinguishing fact is 
that the solid substance has undergone a chemical change 
in the act of passing into solution. 

Evaporation. 

27. When it is wished to obtain a substance, which is 
dissolved in a liquid, in the solid condition, the liquid is 
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boiled away as vapor or evaporated; the solid sub- 
stance is then left behind in the vessel. 

Exp. 45. — Pour the potassium nitrate solution from 
Exp. 41 into a porcelain evaporating basin, and heat it 
over the Bunsen flame until the water has been nearly 
boiled away ; then make the flame smaller and continue 
heating until the water has disappeared : the solid po- 
tassium nitrate will be left in the dish. 

In evaporating a solution, a small flame should always 
be used towards the end of the process ; and to prevent 
the substance from spurting out of the dish, the flame 
should be moved about, or the dish may be covered with 
a round filter paper. 

Often only a part of the liquid is evaporated for the 
purpose of concentrating the solution or removing a por- 
tion of the solvent. A hot solution, when sufficiently 
concentrated, will frequently deposit crystals of the dis- 
solved substance if it is allowed to cool. 

Exp, 46. — Concentrate the copper sulphate solution 
made in Exp. 42 and allow the liquid to cool ; if suf- 
ficient water has been evaporated, crystals will form : 
keep the copper sulphate in the dish. 



Precipitation. 



28. Two perfectly clear and transparent solutions, on 
being mixed together, often become more or less turbid 
or opaque, owing to particles of a solid substance being 
formed in the liquid : a solid substance thus produced is 
called a precipitate. 

Exp. 47. — Pour into a test-tube some barium chloride 
solution, then add ammonium carbonate solution ; a white 
precipitate of barium carbonate will form : keep this test- 
tube with the precipitate. 

In this instance barium chloride and ammonium car- 
bonate separately dissolve easily in water ; but if their 
solutions are mixed they yield by a chemical change two 
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different substances, ammonium chloride and barium 
carbonate ; the former of these dissolves in water, but the 
latter is insoluble and therefore remains as a fine powder 
in this liquid. 

A substance is frequently removed from solution by 
causing it to form an insoluble compound or precipitate ; 
the substances which are added for the purpose are termed 
reagents : they are commonly liquids. 

In producing a precipitate, care must be taken that the 
two solutions are well mixed ; mixture may be effected by 
closing the mouth of the test-tube with the thumb and 
several times inverting it ; or, if the liquid is hot or corro- 
sive and must not be allowed to touch the skin, the liquids 
may be mixed by warming the bottom of the test-tube in 
the flame, by stirring the liquid with a glass-rod, or by 
pouring it from one vessel to another, 

A precipitate is often caused to appear more rapidly by 
thoroughly mixing or agitating the liquid, or by warming 
it 

Precipitates differ much in appearance and properties ; 
and are therefore frequently produced by the addition of 
suitable reagents in order to show the presence of a sub- 
stance, or to separate one substance from another. 

The appearance of a precipitate is usually described by 
its color and its condition ; it is Jlocculent if it forms in 
flock-like masses, crystalline if it consists of small par- 
ticles which are seen to be crystals under a lens or micro- 
scope, gelatinom if jelly-like. A slight precipitate causes 
only a turbidity in a liquid. 

The color of a precipitate or liquid is often falsified by 
gaslight ; if the color is to be seen at night, it should be 
examined with the light produced by the electric arc or 
by a piece of burning magnesium ribbon. 

^ Occasionally solid substances are used to produce pre- 
cipitates : thus a metal is not unfrequently precipitated 
from the solution of its salt by the immersion in it of 
another metal. 

Exp, 48. — Dip a clean penknife blade into some of the 
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copper sulphate solution left from Exp. 46, to which 
a few drops of sulphuric acid have been added ; after a 
short time the metal copper is precipitated from its so- 
lution and covers the iron as a red film. 



Filtration. 



29. This process serves to separate a precipitate from 
a liquid in which it is suspended. 

The liquid containing the precipitate is poured upon 
porous paper ; the liquid itself runs through the pores 
of the paper, but the solid particles of the precipitate 
are retained upon the surface of the paper. The paper 
employed is called filtering paper and the liquid which 
runs through is termed the filtrate. A filtrate may fre- 
quently be colored by some substance dissolved in it, 
but it must always be perfectly free from turbidity 
caused by solid particles suspended in it. 

Exp. 49. — Measure a glass funnel along its sloping 
side from shoulder to rim (Fig. 28). Select 
a circular filter paper, the radius of which is Fig. 28. 
somewhat less than this in length : fold it 
across, then again at right angles and open 
it out into the little conical bag (d, Fig. 29). 

If ready-cut filters are not at hand, cut a 
square piece of filter paper whose edge is 
rather less than double the length of the side 
of the funnel ; fold it over along the dotted line (a, Fig. 
29), then again along the dotted line (b) ; this gives a 
square (c) which at one angle has four free corners; 
these are removed by cutting with a pair of scissors along 
the curved dotted line shown in (c). The filter is now 
made and only requires to be opened ; by separating the 
curved edges so that they form a circle, three remaining 
on one side of the circle and one on the other, a little 
closed pointed paper bag is formed (d). 

A filter of the same shape may be made from half an 
ordinary circular paper by folding this into a quadrant, 
doubling over the radial edges several times, and pressing 
them down sharply with the finger nail. This dispenses 




with the unused half of the filter, and renders filtration 
more rapid. 




The folded filter is gently pressed with dry fingers 
into the dry funnel, and the folding is altered, if neces- 
sary, until the paper fits the glass 
Fio. 30. closely ; it is then moistened all 

over with water from the wash- 
bottle and is ready for use. This 
preliminary moistening of the filter 
paper must not be neglected; since 
if the liquid and precipitate are 
poured upon a dry filter, some par- 
ticles of the precipitate may get 
between the fibres of the paper, 
and these, shrinking when they are 
wetted, retain the solid particles, 
which choke the pore? of the filter. 
The funnel may be placed with 
its neck in a test-tube which is 
supported in its stand ; care must, 
| however, be taken that the inside 
of the upper part of the test tube 
is dry, and that there is a space between the neck of the 
funnel and the inside of the tube, for if the egress of 
air is prevented the filtration is stopped. The funnel 
is therefore preferably supported upon the ring of a 
wooden filter stand (Fig. 30), the filtrate being received 
in a small beaker instead of in a test-tube. Great care 
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must be taken whilst pouring in the liquid not to let it 
reach the upper edge of the filter paper. 

Exp. 50. — Filter the liquid containing the precipitate 
of barium carbonate from Exp. 47. If the above di- 
rections have been carried out, and no hole has been 
made in the paper whilst preparing or fitting in the fil- 
ter, the filtrate will run through perfectly clear, leaving 
the barium carbonate on the filter. Keep the funnel 
with the filter and precipitate. 

The filter must always be of such size that when 
placed in the funnel its edge is below the rim. Some- 
times the filtrate runs through turbid ; the whole, or the 
first portions of it, must then be poured once or twice 
through the same filter; or a double filtration may be 
performed in one operation by pouring the liquid at once 
through a double filter. 

It should be borne in mind that a liquid passes through 
the filter most quickly when hot; hence, if not inadmis- 
sible for other reasons, a solution should always be 
boiled before being filtered. 

Common filter paper contains a little calcium carbo- 
nate ; this is of no importance in an ordinary analysis, 
and is only objectionable when an acid solution has to 
be examined" for traces of calcium after filtration. To 
remove this impurity the filters are moistened in a fun- 
nel with dilute hydrochloric acid, and are then well 
washed with distilled water. Filters may, however, be 
obtained at small cost which are practically free from 

soluble matter. 

Decantation. 

30. Precipitates which settle rapidly may frequently 
be separated without the ^^Fig. 31. 

use of a filter. The ves- 
sel is allowed to stand at 
rest until the precipitate 
has settled ; the liquid is 
then carefully poured off 
or decanted by gently in- 
clining the vessel : a wet- f 
ted glass rod, pressed against the edge or lip of the 
6 
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vessel (Fig. 31), prevents disturbance of the precipitate. 
This process, if carefully performed, effects a fair sepa- 
ration of heavy precipitates. 

Exp. 51. — Add dilute sulphuric acid to some boiling 
solution of barium chloride ; a heavy precipitate of ba- 
rium sulphate will be formed: this may be readily 
separated from the liquid by decantation. Keep the 
precipitate in the test-tube. 

Washing Precipitates. 

31. A precipitate which has been separated from the 
liquid in which it was suspended must usually be washed 
until it is perfectly free from the adhering solution. 

Exp. 52. — Washing on the filter. — Support the fun- 
nel, which contains the filter and barium carbonate 
precipitate from Exp. 50, in a filter stand above a 
beaker or flask ; blow into it a fine stream of hot distilled 
water from the wash-bottle, so directing the jet as to 
stir up the precipitate : fill the paper to within a short 
distance from its edge; let this water run through per- 
fectly, then nearly fill the filter again in the manner just 
described; repeat this process three or four times, letting 
the liquid run through completely each time before 
adding a fresh quantity. The precipitate and filter will 
usually thus be freed from everything soluble in water 
and the water running through will be tasteless. As- 
certain whether the washing is complete by collecting 
the last few drops of the washing water in a clean test- 
tube, and adding to it a drop of silver nitrate solution : 
no turbidity, indicating the presence of dissolved chloride, 
must be produced. If turbidity appears, the washing 
must be continued and the washing water again 
tested. 

Exp. 53. — Washing by decantation. — The precipitate 
of barium sulphate from Exp. 51 may now be washed by 
decantation. Hot water is added, and isshaken, stirred, or 
boiled with the precipitate, which is then allowed to settle; 
when the water has become clear it is poured off as is shown 
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in Fig. 31. By repeating this washing process several 
times, with addition of fresh portions of boiling distilled 
water, the precipitate may be entirely freed from the 
adhering solution. As the washing water runs from the 
funnel, test it occasionally with blue litmus paper to 
ascertain when it ceases to redden the paper and is there- 
fore free from acid. 



Drying Precipitates. 

32. A precipitate is dried by placing the funnel in a 
hollow tin cone or cylinder, called afil- Flo 32 

ter dryer (Fig. 32) ; this is supported 
on a piece of iron wire gauze upon a 
tripod stand over the flame of a rose- 
burner turned very low, or upon a 
heated iron plate or sand bath. The 
funnel is thus exposed to a current of 
hot air, which rapidly dries the filter 
and precipitate. Great care must be 
taken so to regulate the heat as not to 
char the filter. 

A precipitate may be more rapidly dried by draining 
it in the funnel, then removing the filter and spreading 
it upon a piece of wire gauze supported on the ring of a 
retort stand or upon a high tripod stand ; a small flame 
from a rose-burner is then placed beneath the gauze at 
a sufficient distance to prevent any risk of charring the 
paper. 

A precipitate is partially dried by opening out the fil- 
ter which contains it upon several dry filter papers, and 
allowing them to absorb the water : this process may 
precede those already mentioned. 

Removing Precipitates prom the Filter. 

33. A small quantity of a moist precipitate may be 
taken from a filter most readily by dipping the end of a 
glass rod into it ; if a watch glass or the interior of a 
test-tube is then touched with the end of the rod, a por- 
tion of the precipitate is deposited for further test or 
examination. 
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A bulky precipitate may often be taken out of the fil- 
ter in sufficient quantity by means of a glass or porce- 
lain spatula. 

If the precipitate is to be removed from the filter as 
completely as possible, several methods are available ; 
one or other of those described below must be chosen, 
according to circumstances. 

a. A hole may be made in the bottom of the filter by 
means of a glass rod, which is pushed down through the 
neck of the funnel : the precipitate is then easily washed 
down into a vessel beneath by a fine stream of water or 
other liquid from the wash-bottle. 

6. The funnel may be held with its neck horizontal, 
Fig. 33. an( i w fth ite rim just inside the edge of 

a porcelain dish (Fig. 33) ; the precip- 
itate is then washed out by directing a 
fine stream of water from a wash-bot- 
tle against the inside of the filter, 
c. The filter and precipitate are al- 
lowed to remain in the funnel for some time in order to 
allow as much water as possible to drain away ; the filter 
is then carefully taken out of the funnel and further 
dried, if necessary, by laying it upon several folds of filter 
paper ; after removing the portions which contain no 
precipitate, the filter is spread out inside a porcelain 
dish ; the liquid with which it is to be treated is then 
poured into the dish, and by shaking this round and 
carefully rubbing the filter with the rounded end of a 
glass rod, the precipitate is washed off without tearing 
the paper. Tne filter paper is then carefully removed 
by a glass rod. 

d. If it is undesirable to add a liquid to the precipitate 
upon the filter, the filter and precipitate are allowed to 
drain for a short time, and are then removed from the 
funnel ; the precipitate may be further drained, if neces- 
sary, by laying the filter on several dry filter papers. 
The filter is then spread out upon a flat piece of glass, 
and the precipitate is carefully scraped off with a glass 
rod pressed flat upon the pajxir, or with a small spatula. 
This method is usually the most imperfect, but is fre- 
quently the best for other reasons. 
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e. If a precipitate is to be dissolved off the filter, the 
liquid to be used as a solvent is heated and poured upon 
the precipitate ; it will run through the filter into a ves- 
sel placed below, taking with it the precipitate in solu- 
tion. The liquid, after it has run through, should be 
heated again and once more poured upon the precipi- 
tate if the latter is not entirely dissolved ; the liquid is 
reheated and returned to the filter in this way as long 
as anything remains undissolved ; if any portion of the 
precipitate still remains, it must be removed by the use 
of a fresh portion of the solvent. 

Exp. 54. — Remove in this way the precipitate of 
barium carbonate (Exp. 52) from the filter by means of 
hot dilute hydrochloric acid. 

/. A precipitate may also be removed from the filter 
by means of the liquid with which it is to be treated or 
dissolved in the following manner : The funnel is 
supported over a suitable vessel ; the liquid is poured 
in and quickly stirred up with the precipitate by means 
of a thin glass rod ; the bottom of the filter is then 
pushed out through the neck of the funnel by the glass 
rod, and the liquid carrying the precipitate will run 
through ; if some of the precipitate remains on the filter, 
the liquid is poured again through the filter ; by repeti- 
tion of this process all the precipitate may be removed. 



Use of Test Papers. 

34. The two vegetable coloring substances, litmus and 
turmeric, undergo marked changes of color when they 
are acted upon by certain substances. These changes 
serve to indicate whether a liquid or gas is acid, alka- 
line, or neutral. The analyst is usually provided with 
slips of paper which have been stained with solutions 
of these coloring substances ; they are known as test 
papers, and are easily distinguished by their color. 
The following experiments will explain their use : 

6* 
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Exp. 55. — Acid, alkaline, and neutral reaction. — Dip 
a clean glass rod successively into dilute hydrochloric 
acid, ammonium hydrate solution, and barium 
chloride solution : after each immersion of the rod, 
draw its end wetted with the solution successively 
across blue litmus paper, red litmus paper, and yel- 
low turmeric paper ; the following results will be ob- 
tained: 

Hydrochloric acid reddens blue litmus, but does not 
alter the color of red litmus or of turmeric : it pos- 
sesses an acid reaction. 

Ammonium hydrate solution does not affect the color 
of blue litmus, but blues red litmus and browns the 
turmeric : it shows alkaline reaction. 

Barium chloride solution does not affect the color of 
any one of the test papers : its reaction is neutral. 

Each of these liquids is typical of a large class of 
substances as far as its behavior with these test papers 
is concerned. 

Exp. 56. — Neutralization: addition of acid arid alkali 
in excess. — Pour some dilute hydrochloric acid into a 
porcelain dish ; add solution of ammonium hydrate 
drop by drop, constantly stirring the liquid with a glass 
rod and touching the wet end of the rod against a piece 
of blue litmus paper : by care a point may be reached 
at which the liquid does not affect the color of either 
blue or red litmus pai>er ; the acid is then said to have 
been neutralized by the alkaline liquid. Add another 
drop of ammonium hydrate and the liquid will acquire 
an alkaline reliction : the alkaline solution is then said 
to have been added in excess. 

It will now be easily understood how an alkaline 
solution may be neutral izod with an acid, and how it 
may be acidified or mixed with acid in excess. 

The process of neutralizing a liquid is most readily 
completed by the addition at the last of very dilute acid 
or alkaline solution. 

In selecting between red litmus and turmeric test pa- 
pers for the detection of an alkaline reaction, it should be 
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remembered that turmeric is usually more sensitive than 
red litmus, but that it fades quickly when exposed to 
daylight. 

A very turbid liquid often forms a deposit on test 
paper which conceals its color : the color is, however, 
usually visible on the back of the paper, or may be 
easily seen when the deposit is washed off by a stream 
of distilled water from the wash bottle. 

Test papers must always be kept in a stoppered 
bottle in order to guard them against change by fumes 
in the laboratory air : the bottle should be shielded 
from light as much as possible. 



Ignition. 

35. Solid substances are occasionally heated strongly 
or ignited in order to study the effect of heat upon them, 
since by this means their composition or nature is fre- 
quently revealed more or less completely. Ignition also 
serves to remove volatile from non-volatile substances. 

Exp. 57. — Heat some zinc oxide in a small igni- 
tion tube; its color will be lemon yellow whilst hot, 
but will change to white again on cooling. These 
changes of color show the substance to be zinc oxide. 
In the early stage of the heating drops of water will 
probably condense in the upper part of the tube, prov- 
ing the presence of moisture. 

Exp. 58. — Heat a little mercuric oxide in a small 
test-tube or ignition tube (6); after a short time minute 
shining drops of the metal mercury will be seen in the 
upper part of the tube ; if then a small splinter of 
wood with a spark at its end be held in the tube, it will 
burst into flame. The behavior of this red powder 
on being ignited shows that it contains the elements 
mercury and oxygen. 

Exp. 59. — Heat a few particles of charcoal powder 
on platinum foil by directing the tip of the blowpipe 
flame against the under surface of the foil ; the char- 
coal will slowly burn away; this behavior is peculiar 
to carbon and to a few other combustible substances. 

Exp. 60.— Heat a piece of ammonium chloride in a 
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small test-tube ; the ammonium chloride being volatile 
will pass off as vapor, or volatilize, and the vapor 
cooling in the upper part of the tube will form a coat- 
ing or sublimate. 

Exp. 61. — Heat in the same way a small piece of 
potassium chloride ; this will melt, but will not disap- 
appear, since it is only slightly volatile ; it will become 
solid again on cooling. 

Hence, if a mixture of ammonium chloride and potas- 
sium chloride is heated on platinum foil, the potassium 
chloride alone is left in the residue, since the ammo- 
nium chloride is removed as vapor. 

Large quantities of substance are usually ignited 
either in porcelain or in platinum vessels. 

It is a necessary condition of simple ignition that the 
substance shall not undergo chemical alteration by con- 
tact either with the flame or with the substance of the 
vessel or support. 



Fusion with Reagents. 

36. A substance is often melted or fused with certain 
solid reagents in order to cause chemical changes to oc- 
cur which yield a characteristic result. 

Exp. 62. — Place on a piece of platinum foil a little 
powdered sodium carbonate and potassium nitrate, and 
then add a minute quantity of manganese dioxide ; hold 
the foil with crucible tongs in the top of the Bunsen 
flame, or heat the under surface of the foil with the 
point of the blowpipe flame. The mass will soon melt 
or fuse, and should be kept in a melted state for a short 
time and then allowed to cool. A bluish green mass 
will remain upon the foil, the color of which is due 
to the sodium manganate which is formed by the 
fusion; this color is produced only when manganese 
is present, and serves therefore as a test for that 
metal. 

In this experiment the solid substances alone react 
upon one another, the gases of the flame taking no part 
in the change. 
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Flame Reactions. 

37. The use of the blowpipe has been already ex- 
plained (5), but hitherto this instrument has been con- 
sidered only as a means of obtaining a hot compact 
flame playing in any desired direction. 

The gases of either the blowpipe or the Bunsen flame 
may, however, play the part of reagents in affecting the 
composition of the substance which is being heated. 
In order to understand the nature of these changes 
the structure of the flame must be carefully ob- 
served. 

In a well-formed blowpipe or Bunsen flame two parts 
may be distinguished : the inner flame, which is blue and 
pointed, and around and beyond this an almost color- 
less flame known as the outer flame. The inner flame is 
often called the reducing or deoxidizing flame, because it 
separates or reduces metals from their oxides and from 
many of their compounds, and in general deoxidizes sub- 
stances ; this is due to the action of the hot but unburnt 
hydrogen and carbon present in this part of the flame. 
The outer flame is also known as the oxidizing flame, be- 
cause it changes metals into their oxides and oxidizes 
many other substances by exposing them to oxygen at a 
high temperature. 

The inner flame is best obtained of large size by plac- 
ing the tip of the blowpipe nozzle only in the very edge 
of the flame : whilst the outer flame is better developed 
when the nozzle is pushed much further into the 
flame. The reducing flame is also furnished most 
readily when the gas flame is made somewhat lum- 
inous by partially closing the air-holes of the Bun- 
sen burner : the oxidizing flame is most perfectly 
formed when the Bunsen flame contains much more 
air. 

In the following processes the results obtained will 
usually vary according to the part of the flame in which 
the substance is heated : 

38. Fusion with borax: the borax bead. — Certain metals 
and their compounds when fused with borax are converted 
into colored borates : the color of each of these borates is 
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characteristic either in itself or in the changes which it 
undergoes in the outer or inner blowpipe flame. 

Exp. 63. — Place a little powdered borax on a watch 
glass ; moisten the loop of a piece of mounted platinum 
wire (7) and dip it into the borax ; then hold the loop 
with the adhering powder in the outer blowpipe flame 
until the borax melts. If the bead thus formed does 
not fill the loop, dip the melted bead again into the 
borax ; more powder will adhere and may be melted in 
the flame. In this way powder is to be constantly 
added until a drop or bead is obtained which completely 
fills the loop. This bead must be perfectly colorless 
and transparent when it is cold. 

If the melted bead easily drops from the wire, either 
the loop or the bead is too large. A loop which is some- 
what less than an eighth of an inch across answers well ; 
it is made by rolling the tip of the wire round a piece of 
rod. If the bead is too large, remove a portion by giv- 
ing the wire a sudden jerk whilst the borax is in a fused 
condition. 

If the bead shows any color, it is jerked off whilst 
fused and another bead is made from fresh borax ; this 
process is repeated, if necessary, until a bead is obtained, 
which, after having been heated in the outer blowpipe 
flame, is colorless both hot and cold. 

Moisten the clear cold borax bead and dip it into some 
finely-powdered manganese dioxide; a few minute par- 
ticles only are to be thus attached to the bead. Then 
fuse this substance into the bead by heating it for a short 
time in the tip of the outer blowpipe flame, and at once 
examine the color of the bead by looking through it 
at a piece of white paper or at a window light or bright 
flame ; it will be purple or amethyst red whilst hot, and 
its color will not alter on cooling. Now heat the bead 
again for some time in the tip of the inner blowpipe 
flame; its color will vanish, but will reappear when 
the bead is heated at the tip of the outer blowpipe flame. 
These changes of color in the borax bead characterize 
the metal manganese. 

A beginner often obtains at first a bead which is opaque, 
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owing to the use of too much manganese oxide : if this 
should happen, the bead may be fused and a portion of 
it shaken off and replaced by fresh borax. 

The bead is detached while it is liquid by giving the 
wire a sudden jerk ; it may also be removed when cold 
by crushing it on a hard flat surface by a sharp blow 
with the pestle. 

Two mounted platinum wires should be kept, their 
loops when not in use being always immersed in dilute 
hydrochloric acid; they will then only require to be 
washed with water before being used. 

39* Ignition on charcoal in the blowpipe fame. — 
Wood charcoal, on account of its cheapness, its infusibil- 
ity, and its non-conducting power, is a very useful sup- 
port for substances which are to be strongly heated in 
the blowpipe flame. 

It is often, however, selected on account of the re- 
ducing or deoxidizing power which it can exert at a high 
temperature, which renders it entirely unsuitable lor 
oxidizing processes such as that described in Exp. 62. 

Ignition on charcoal therefore serves chiefly to detect 
the presence of the heavier metals : these are smelted 
out by the reducing action of the inner blowpipe flame 
aided by that of the red-hot charcoal. The assistance of 
other solid reagents is, however, often necessary or at 
least advantageous. The vapor of some metals burns 
as it leaves the charcoal, and the metallic oxide is de- 
posited as an incrustation. j. IQ M 
The white ash left by com- 
bustion of the charcoal must 
not be mistaken for such an 
incrustation. 

Exp. 64. — Choose a piece 
of wood charcoal which is 

free from large cracks, and l 

which does not crackle or spit 
when heated in the blowpi}>e 
flame ; scoop out a small hol- 
low near one end of it with a knife or with a charcoal 
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borer ; place in this cavity a small quantity of powdered 
lead acetate and sodium carbonate, and mix the pow- 
ders together in the cavity with the point of a pen- 
knife. Heat this mixture in the inner blowpipe flame, 
holding the charcoal in such a way that the rest of the 
flame plays over its surface (Fig. 34). 

Bright globules of lead will soon be visible in the 
cavity ; and on removing the charcoal from the flame, 
tHfe surrounding surface will be found to be colored 
with a yellow incrustation. 

One of the little globules of metal should be taken off 
the charcoal with the point of a penknife, and struck 
smartly with the pestle on the bottom of the inverted 
mortar ; it will flatten out into a cake, showing that the 
metal is malleable and not brittle. 

Another globule, when cleansed and stuck on the point 
of a penknife blade, will be found to mark paper as 
black lead does. 

Lead compounds alone give a yellow incrustation and 
malleable globules which are soft enough to mark paper; 
this test therefore serves to detect their presence. 

40. Washing and Itvigation of the residue left on the 
charcoal. — Metallic globules produced as is directed in 
the preceding experiment are usually visible, at least 
with the aid of a lens ; they are also easily detached from 

Fig. 35. 




the charcoal. But fine metallic particles or scales are 
usually only detected and separated by detaching the 
fused residue from the charcoal after it has cooled 
with the point of a penknife, and crushing it in a 
mortar or in a porcelain dish with a little water; 
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the water is then quickly decanted down the wet 
pestle held against the edge of the vessel (Fig. 
35) ; the light suspended particles of charcoal, to- 
gether with soluble substances, are thus poured off, 
whilst the heavier and insoluble metallic powder will be 
left. By repeating this process of levigation the metal 
may be obtained free from soluble substances and char- 
coal, and may then be further examined by a lens or 
magnet or by other tests. 

Exp. 65. — Fuse a mixture of copper sulphate and 
sodium carbonate on charcoal in the inner blowpipe 
flame and levigate the residue as is directed above ; little 
red scales of copper will be obtained. 

Treat in the same way a mixture of ferrous sulphate 
and sodium carbonate; a grey powder consisting of 
metallic iron will remain; this, when touched under 
water with the point of a magnetized penknife, will 
attach itself in the form of a tuft to the point. 

Flame Colorations. 

4L Many substances when heated in a non-luminous 
flame emit vapors which impart characteristic colors 
to the flame. The blowpipe flame may be employed to 
obtain these colorations, but a Bunsen flame answers the 
purpose well ; on account of the lower temperature of 
this flame, however, many colorations are not obtained 
with promptness or intensity. 

The Bunsen flame when used for this purpose may 
be partly surrounded with a conical chim- fig. 86. 
ney, which steadies the flame considerably 
(Figs. 36, 37, 38) ; the supply of air en- 
tering by the air-holes is then so regulated 
that a small partly luminous point appears 
near the top of the flame ; the platinum 
wire is held either in this luminous point 
or just below it. 

Exp. 66. — Hold a platinum wire loop, 
which is not more than an eighth of an inch in diame- 
ter, in the inner blowpipe flame ; if the wire is clean, 
it will become red hot without coloring the flame. If 

7 
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it colors the flame, the wire must be boiled with hydro- 
chloric acid in a test-tube and then rinsed well with 
water ; or it may be wetted with strong hydrochloric 
acid, and heated strongly in the blowpipe flame until it 
no longer colors the flame. If the loop cannot be 
cleansed in this way, the end of the wire must be cut 
off and a fresh loop formed. 

Now dip the wire loop into a little sodium chloride 
solution, made by dissolving some sodium chloride in a 
few drops of water on a watch glass, and see on re- 
moving the loop that it is filled by a drop of the solu- 
tion ; tnen hold the loop at the tip of the inner blowpipe 
flame ; the outer flame will be colored bright yellow. 

Repeat the experiment, placing the loop containing 
the solution in the outer part of the Bunsen flame about 
half-way between its base and top; the same yellow tint 
will be seen above the loop. 

This yellow coloration is given to the flame only by 
sodium and its volatile compounds : on looking at it 
through the indigo prism, no yellow coloration will be 
visible. 

Remove all sodium chloride from the platinum wire 
loop by heating it strongly in the tip of the blowpipe 
flame until it ceases to impart any color to the flame. 
Then dip the wire loop into some solution of pure potas- 
sium nitrate : this will impart to the flame a pale lilac 
color, which is characteristic of potassium ana its com- 
pounds. On looking at this coloration through the 
indigo prism it will appear crimson. 

Exp. 67. — Now dip the wire loop into a mixture of 
a few drops of the sodium chloride and potassium 
nitrate solutions made on a watch-glass ; when the loop 
is held in the flame the sodium coloration only will be 
seen ; but if this coloration is then viewed through the 
indigo prism, the crimson potassium coloration will be 
seen distinctly. By means of the indigo prism potas- 
sium is therefore discoverable even in the presence of 
sodium, which conceals its coloration to the naked eye. 

The Spectroscope. 
42. This instrument furnishes by far the most certain 
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means of detecting substances by their flame colorations, 
more especially when the colorations due to several sub- 
stances are mingled in the flame. The colored light 
is separated into its constituents by passing through one 
or more prisms in the spectroscope; the colored lines 
thus seen are termed the spectrum of the substance, and 
by their color and relative position they serve to iden- 
tify the substance with certainty. This is equally true 
whether the flame coloration is produced by one sub- 
stance only or by several, since the- constituent colors 
are in any case seen without interference one with an- 
other. 

Two forms of this instrument are figured here. The 
direct vision pocket spectroscope, which is shown ready 
for use in Fig. 37, is recommended by its portability; 
whilst the Bunsen or table spectroscope, shown in Fig. 
38, is to be preferred for general use as a stationary 
piece of apparatus in the laboratory. The light enters 
each of these instruments through a slit, the width of 
which can be adjusted to suit strong or feeble colora- 
tions : the rays of light after entering are rendered less 
divergent by traversing a lens, and then pass through 
one or more prisms ; they are finally focused by means of 
a sliding eye-piece, so as to give a sharp image of the slit. 

Exp. 68. — The student should now proceed to work 
with either or both of these instruments. 

The direct vision spectroscope is arranged for use by 
supporting it in a clamp steadily in front of the flame 
(Fig. 37); the slit is then slightly opened and the eye- 
piece so adjusted that the yellow line, due to the sodium 
compounds present in the atmospheric dust, is sharply 
focused. Or the instrument may be held in the hand 
and directed on the flame; in this case it is most readily 
focused on the dark Fraunhofer lines, which are seen 
on looking through a window at ordinary daylight. 

The Bunsen or table spectroscope (Fig. 38) has usually 
three brass tubes: one of these carries the adjustable slit, 
another the eye-piece, and the third a transparent photo- 
graphic scale. The instrument is brought into adjustment 
by placing a Bunsen burner with closed air-holes in front 
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of the slit ; on looking through the eye-piece at this lumin- 
ous flame a continuous spectrum of unbroken colore will 



be seen : the upper and lower edges of this spectrum are 
sharply focused by moving the eye-piece : and the two 



tubes are arranged at such an angle as to give the longest 
complete spectrum possible. The tubes must now either 
be permanently clamped, or so marked that they can at 



42.] ADJUSTMENT OP SPECTROSCOPE. 65 

any time be brought readily into the same position with 
certainty. Air is then admitted into the Bunsen flame by 
opening the holes of the burner, and the yellow sodium 
line, which is always visible, is sharply focused. The 
bright flame is lighted opposite the end of the scale tube, 
the scale is focused, and the scale-tube is shifted until 
the yellow sodium line stands at the fiftieth graduation. 
This line will of course be seen in all the following ex- 
periments. 

Having thus brought the instrument into adjustment, 
the student should proceed to introduce into the front of 
the Bunsen flame, and just below the slit, a platinum wire 
loop moistened successively with solution of sodium chlo- 
ride, potassium chloride, barium chloride, strontium ni- 
trate, and calcium chloride. The wire may be conveniently 
supported in the flame by slipping its glass handle upon 
a horizontal wire arm, whose height is adjustable on a, 
stand such as is represented in Figs. 37, 38. Colored 
lines will be seen which are always the same in color 
and position for the same coloration, but vary in these 
respects with the colorations of different substances. This 
line spectrum is therefore characteristic of each vapor 
which colors the flame. 

The pocket spectroscope is not usually furnished with a 
scale ; if it is not, the relative position of the lines of any 
particular spectrum can only be j otted down or remembered 
with approximate accuracy; since the yellow sodium 
line is never absent, it will furnish a useful landmark in 
the spectrum. 

The scale of the larger spectroscope enables the position 
of the lines to be marked down, and they are thus easily 
identified again if the instrument is brought invariably to 
the same adjustment. The lines, however, will vary in 
position in different instruments, owing not only to vary- 
ing adjustment, but to differences in the material and 
angle of the prism. Hence, when mapping down the 
lines in a spectrum chart for future use, the instrument 
must always be set in precisely the same way if the chart 
is to be of any use; and further, a separate chart is 
necessarily made for each spectroscope. 
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The accompanying spectrum chart (Fig. 39) will show 
the student a convenient method of mapping the lines, but 
it is only intended for use with the spectroscope for which 
Fig. 39. 



it was made. In this chart (he varying intensity of the 
lines is indicated by their varying thickness, and their 
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color by the name of the color over the region in 
which the lines occur ; the position of the sodium line 
is marked in each spectrum. The student should care- 
fully make such a chart, marking in the lines with pen 
or pencil on a white ground, and placing against each 
line the number of the scale graduation at which it 
stands ; the relative intensity of the lines should also be 
indicated by the Greek letters applied in the order of 
decreasing intensity. 

It will be found convenient to register this chart in 
the note-book, or to suspend it near the instrument. 

A spectrum may be identified, even when the instru- 
ment has not been carefully adjusted, by throwing in a 
known coloration from another flame through a part of 
the slit by means of a little reflecting glass prism, and 
observing whether the unknown lines exactly corre- 
spond with those of the known coloration. 

Exp. 69. — After the student has carefully examined 
and mapped the sj)ectra of several of the metals men- 
tioned in the spectrum chart, he should examine some 
mixed spectra obtained from solutions containing the 
salts of two or more of these metals ; the ease with 
which metals can be found by means of the spectroscope 
in the presence of one another will thus become evident. 

The delicacy of this method of detecting certain metals 
is extreme. Thus it is only in the stillest air, which is 
almost absolutely free from dust particles, that the 
sodium spectrum is not obtained from a Bunsen flame. 
By using extremely dilute solutions of metallic salts, 
this delicacy may be proved in the case of other metals. 
Bunsen states that one three-thousand millionth of a 
gram of sodium can be detected by the spectroscope. 

It is by no means a matter of indifference which 
compound of a metal is selected for obtaining its flame 
coloration or spectrum. The most volatile salts, such as 
the chlorides, nitrates, and chlorates, give the most vivid 
but least durable result; whilst the coloration is 
increasingly feeble with the sulphate, carbonate and 
phosphate; and is not usually obtainable from 
the silicate. In most cases a coloration becomes more 
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intense if the finely-powdered substance is moist- 
ened with strong hydrochloric acid ; but in the case of 
a silicate it is usually necessary to moisten the powder 
with hydrofluoric acid, or to mix it with pure ammonium 
chloride and calcium carbonate before introducing it 
into the flame. 

The width of the slit is regulated according to the 
intensity of the lines to be looked for ; a bright line can 
be observed with a narrow slit, and its position is then 
noted with great precision. The slit must, however, be 
opened much more widely to see a faint line, such 
as K/3. Great breadth of the lines is objectionable, 
since it prevents their position on the scale being accur- 
ately noted, and often causes the edges of neighboring 
lines to overlap. 

The background of the flame should be absolutely 
black, to prevent admission of stray light ; a piece of 
black velvet hung behind the flame gives a good back- 
ground. 

Careful observation of the flame throngh the spectro- 
scope is necessary from the moment that the substance is 
introduced until the wire loop has been heated to 
whiteness for some time, since some very volatile sub- 
stances give only a momentary flash of color in the 
flame, while others, which are far less volatile, color 
the flame only at the highest temperature obtainable. 

The spectroscope is of special use in analysis : — 

1. For readily detecting metals when their flame 
colorations are concealed by that of sodium ; and gener- 
ally for detecting metals when their colorations are 
mixed in the flame. 

2. For distinguishing similar colorations from one 
another : thus the red coloration of strontium is readily 
distinguished from that of calcium by the strongest red 
line in their spectra being at different distances from 
the sodium line, and further by the characteristic blue 
line of strontium and the green line of calcium. 

3. For detectiug minute traces of many metals which 
could scarcely be discovered by other means. The 
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metals lithium, indium, thallium, rubidium and caesium 
were discovered by their spectra ; and as they usually 
occur in minute proportion only, they are most conve- 
niently detected by the spectroscope. 

In the more powerful spectroscopes several prisms 
are used, and the lines of the spectra become more 
widely separated: their position may then be noted 
with great precision by moving the observing tube until 
each line in succession is brought into the middle point 
of the cross wires in the eye-piece; the position of the 
eye-piece is then read off on the graduated edge of the 
circular table on which the prisms stand, and registers 
the relative position of the line. Instruments of great 

Sower and precision are, however, not requisite for or- 
inary analytical work. 



SECTION IY. 



ANALYTICAL REACTIONS. 



The student will find many paragraphs in this section marked 
with an asterisk (*): these may be omitted if the analysis of 
simple salts only is to be learnt. They will, however, require 
the careful attention of the general analyst. 

Reactions printed in small type are of minor importance. 



Introductory Remarks. 

The study of chemistry has revealed to us the fact 
that every substance consists either of one kind of mat- 
ter only, or of two or more different kinds. Those sub- 
stances which contain only one kind of matter are called 
chemical dements; their number at present amounts to a 
little over sixty. A list of them is given at the end of 
the book (562). These elements do not usually occur 
singly ; two or more of them are commonly found to- 
gether either in a state of mere mixture, or united in a 
much more intimate manner in a chemical compound. 

It is the object of analytical chemistry to discover 
what element, elements, or sometimes what groups of 
elements, any substance of unknown composition con- 
tains ; also to ascertain whether any particular element 
or group of elements is present in a given substance. 

In order to become a thorough analyst it is necessary 
to be acquainted with the properties of each element 
and of the compounds it forms with other elements; 
and efficiency in analysis therefore depends in a large 
measure upon the knowledge of what is usually termed 
theoretical, but more appropriately (lc#cripticc chemis- 
try. For ordinary analytical purposes, however, certain 
70 
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marked properties or changes each element or group of 
elements are selected, and by these properties, called 
testa or reactions, its presence is detected. 

The tests or reactions which are most frequently se- 
lected depend upon the behavior of a substance when 
heated under various conditions, and upon its behavior 
when mixed with certain liquid or solid substances. 

Such substances, added for analytical purposes, are called 
reagents. Some reagents serve for detecting one element 
or compound only, and are therefore called special rea- 
gents: others separate or detect a group of elements or 
compounds, and are called group reagents or general 
reagents. 

Analytical groups. — The metals are separated by their 
behavior with certain general reagents into five princi- 
pal groups, two of these being further subdivided into 
two sub-groups. Each group receives a distinctive 
name from its place in the system, from some conspicu- 
ous or important member of the group, or from the gen- 
eral reagent used to precipitate the group. Thus we speak 
indifferently of the Fourth Group, the Barium Group, 
or the Ammonium Carbonate Group. At the beginning 
of the fifth section the analytical groups are tabulated, 
with their distinctive numbers, names, and group rea- 
gents placed at the head of each column : the names and 
symbols of the metals contained in the group are ar- 
ranged vertically beneath. It is perhaps well to avoid 
referring to a group by its number, as different analysts 
number the groups differently, and the name thus given 
is therefore apt not to denote the group with certainty. 

Analytical classification. — The chemical elements 
are frequently divided into two classes, metals and 
non-metals. These classes, with the following slight 
modifications, form convenient divisions for analytical 
purposes. In the class of metals must be included 
the hypothetical metallic radicle ammonium, and 
the element hydrogen. The class of non-metals, 
either singly or in groups formed by their combination 
inter se or less frequently with a metal, unite with hy- 
drogen and with metals forming salts ; the hydrogen 
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salts of these radicles are usually called acids. Thus 
CI, SO*, PO*, Mn0 4 , form the hydrogen salts or acids, 
HC1, H^SO,, H^O^ HMn0 4 ; and the metallic salts, 
KC1, Mg80 4 , Na^PO* KMn0 4 . Metal hydrogen salts 
or acid salis, such as NaHS0 4 , Na,HP0 4 , are also known. 
The general name acid-radicle is conveniently applied to 
CI, SO^ PO^ Mn0 4 ; some of these are elements, but 
most of them are unisolated compound radicles, and their 
common property is that of forming acids and salts by 
combining with hydrogen and with metals. For ana- 
lytical purposes, then, substances may be separated into 
the groups of Metals and Acid-radicles. 



The Analytical Reactions. 

43, In order to become fully acquainted with the be- 
havior of different substances with reagents, and thus 
to be able to detect them by their reactions, each of these 
reactions should be tried with the substance itself or with 
one of its compounds ; the appearances presented are 
then carefully observed, so that the substance would be 
easily recognized in a body of unknown composition by 
means of these tests. 

The addition of a reagent to a substance causes some 
important and visible change to occur ; this may be sim- 
ply a change of color, but it very usually consists in 
the formation of a precipitate ; the color, appearance, 
or behavior of this precipitate with other reagents being 
characteristic of a particular element or compound radicle. 

As soon as a reaction has been satisfactorily per- 
formed, it should be briefly described in the note- book in 
a neat and concise manner ; and the nature of the chemi- 
cal change which has occurred should then be explained 
by means of a chemical equation. This will iuvolve 
the correct use of chemical symbols and formulae, and a 
right conception of the meaning of au equation. For 
full information on these matters a treatise on theoreti- 
cal chemistry should be consulted ; the few hints which 
follow will, however, serve to guard and guide a student 
who has not had much experience in such matters. 
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Chemical notation. — Each element is represented by a 
symbol consisting of one or two letters; thus S stands 
for sulphur, CI for chlorine. The symbol also repre- 
sents one atom of each element ; when written one after 
another symbols give the formula of a compound sub- 
stance, showing what elements, and how many atoms of 
each of these elements, the compound molecule contains: 
thus KC1 stands for one molecule of potassium chloride, 
a compound of one atom of potassium and one atom of 
chlorine; PtCl 4 stands for one molecule of platinic 
chloride, which consists of one atom of platinum com- 
bined with four atoms of chlorine, the small figure placed 
below a symbol to the right denoting how many atoms of 
that element are present. A number placed before a 
formula, however, multiplies each symbol in that formula ; 
thus 2PtCl 4 signifies two molecules of platinic chloride, 
containing altogether two atoms of platinum and eight 
atoms of chlorine. If two or more symbols are included 
in brackets, any number placed outside the brackets, 
whether it be before or after and below them, multiplies 
each symbol contained in the brackets ; thus both 
Si<NG 3 ) 2 and Sr2(N0 3 ) stand for SrN 2 6 , and this may 
also be written 8r2N0 3 . 

In the seventh section of this book will be found a 
list of the elements, with their symbols and atomic 
weights; also lists of the names and corresponding 
formulae of most of the principal compound substances. 
Symbols and formulae are always used in the text instead 
of names ; the student can readily find the names corre- 
sponding to them either by reference to the lists already 
mentioned, or by looking at the labels on the reagent 
bottles. 

Rules for drawing out a chemical equation. — Write 
down the formulae of the substances which are 
mixed together, with the sign of addition (+) between 
them; then write the sign of equality (=), followed 
by the formula of the precipitate or product formed. 
In most analytical reactions a mutual exchange of 
certain elements or groups of elements, or a double 
decomposition, occurs between the two compounds; 
8 
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a little consideration will therefore usually show how 
many molecules of the mixed substances are required to 
yield the formula for the precipitate or principal pro- 
duct ; it will also be seen whether any other substance is 
formed at the same time; and if it is formed, its 
formula may be easily deduced. 

The number of atoms of any one element on both 
sides of a correct equation must always be equal. 

Applying the above rules to the first test for potas- 
sium (47), we get : 

KC1 + PtCl 4 = K 2 PtCl 6 . 
This statement is obtained by placing together the 
formulae of the substances mixed and of the precipitate 
formed ; it is evidently not correct, since there are two 
atoms of K on the right hand side and only one on the 
left, also six atoms of CI on the right and only five on 
the left ; but this inequality is at once removed if we 
place 2 before the KC1, thus : — 

2KCl+PtCl 4 = K 2 PtCl 6 . 
Evidently if the above equation is correct the precipi- 
tate is here the only substance formed, since the num- 
ber of atoms in the substances on the left hand side is 
exactly equal to that in the substance on the right. 

Take now the first test for Ba (69) ; our tentative 
statement is : 

BaCl 2 + Am 2 CO a =TRX)^ + 
But here the left hand side contains Am 2 and Cl^ more 
than the right ; the equality is easily restored thus : 

BaCl 2 + Am 2 CO a = BaCO s + 2AmCl, 

which states that on mixing together barium chloride 
(BaCl 2 ) and ammonium carbonate (Am 2 C0 3 ), barium 
carbonate (BaC0 3 ) and ammonium chloride (AmCl) are 
obtained. 

In writing out these equations a systematic method 
should be observed. Write down on the left hand side of 
the equation first the formula of the substance upon which 
the reaction is being tried, theu that of the reagent added; 
and on the right hand side write first the formula of the 
precipitate or principal product with a line drawn over it 
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by way of distinction, then that of any substance or sub- 
stances which may be formed at the same time. 

In the reactions which follow, the formulae of the 
substance used, of the reagent added, and of the precip- 
itate produced will always be given ; these furnish suf- 
ficient data to enable the student to form the equation ; 
only where the equation is exceptionally difficult or 
complicated will it be given in full. 

Abbreviations. — For convenience in hasty writing, it 
is not uncommon to employ abbreviated formulae for the 
compound radicles, especially for such as are constantly 
met with or are of unusual complexity. In the text 
only such abbreviations are employed as save the use of 
brackets or of numbers : thus Am 2 is a short rendering 
of (NH 4 ) a , and Ho tf of H 6 O tf . 

The following are the abbreviations used : 

Am for (NH 4 ), the metallic radicle ammonium. 

T " (C 4 H 4 O a ), the acid radicle of tartrates. 

A " (C 2 H 3 2 ), the acid radicle of acetates. 

Cfy « JFeCy 6 ), in ferro- and ferricyanides. 

Ho " (HO), the radicle occuring in hydroxides. 

The following contracted words are also used : 



expt. for experiment. 

pp. " precipitate. 

JRP"* H precipitation, 

/jp* " precipitated. 

sol. " soluble. 



insol. for insoluble. 

sol*- " solution. 

cry st**. " crystalline. 

cofc " coloration. 



The example of entry which follows has been selected 
from paragraphs 47-50 : it will serve as a specimen of 
the brief entry of reactions in the note-book : 

Potassium (K).— Used KC1. 

1. PtCL: stirred on watch glass: yellow cryst 06 pp., sol. in much 

water an d in KHO, insol. in alcohol : 2KC1 + PtCl 4 = 

K 2 PtCl,. 

2. NaHT well shaken in a test-tube: white cryst Be pp., so l, in wa- 

ter, in KHO, and in HC1 : KC1 + NaHT = KHT + NaCl. 

3. Flame cofa: pale lilac, crimson through the indigo prism: a 

red and a violet line at the extreme ends of the spectrum. 

4. Heated in tube or on platinum foil : solid KC1 melted, but 

gave no fumes : hence it is not volatile. 
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General Eules for Working. 

44. The student should attend carefully to the fol- 
lowing precautions ; they will most materially aid the 
progress and accuracy of his work, and, if observed from 
the commencement, they will not be felt irksome : 

1. Before commencing work look through the reagent 
bottles belonging to the working bench (550) ; replace 
any which are absent, and see that the bottles are ar- 
ranged in the order shown by the number on the labels. 
Then proceed to fill any which are empty, and to relabel 
any whose labels are imperfect or loose : also filter any 
of the liquid reagents which are not quite clear when 
shaken. 

2. Arrange the apparatus required for use on the back 
part of the bench, so as to leave the front part free to 
work upon ; this will also lessen the risk of upsetting 
anythiue. See Frontispiece. 

3. All glass and porcelain which is not in use should 
then be carefully cleansed ; but this ought to be un- 
necessary, as apparatus should never be put away 
dirty. 

4. When using a reagent bottle take it in the right 
band, remove the stopper by grasping it between two of 
the fingers, or between the fourth finger and palm, of 
the left hand ; hold the stopper in this way, and replace 
it immediately after the bottle has been used. Pour the 
liquid out of the side opposite to that bearing the label, 
and prevent the last drop from running down the out- 
side by touching the lip of the bottle either with the 
stopper or against the clean edge of the vessel. Solid 
reagents should be taken out of the bottle on a clean 
knife-blade or horn spatula, or with a slip of clean card- 
board or paper. Each bottle must be restoppered and re- 
placed on the shelf in its proper place urith the label out- 
wards immediately after use f ana must never be left stand- 
ing on the working bench. 

5. If a solution or precipitate has to be put by for some 
time always label it with a piece of gummed paper bearing 
an inscription or a reference number which is explained in 
the note-book, and which issufficientto recall to mind what 
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• 

the solution or precipitate consists of: never trust to mem- 
ory in this matter. 

6. Bras3 crucible tongs must never be employed for 
holding hot evaporating basins containing acids, as 
some of the brass is apt to be dissolved and thus intro- 
duced into the solution. A hot dish may be moved 
either by holding it with a cloth or by lifting the stand 
upon which the dish is placed. 

7. Liquids only are to be poured down the sinks ; all 
solid refuse, such as solid filters, broken glass, and pieces 
of charcoal, must be thrown into a box placed in an 
accessible position in the laboratory, or into a small 
earthenware jar or dish placed upon each working bench. 

8. When a substance is being examined to find out 
its composition the student must fully write down in 
the note-book each test or process, with the result ob- 
tained, as soon as it is completed. The analysis is thus 
written out gradually as it progresses : on no accovmt 
must the entry of ttie results be left until the completion of 
the analysis This rule cannot be too strongly enforced, 
as neglect of it always causes uncertainty and confu- 
sion. The most convenient form of entry is that of the 
Analytical Tables. 

9. Cleanliness and neatness in analytical work cannot 
be too carefully attended to : more confusion and error 
may be caused by using dirty test-tubes, beakers, dishes 
and funnels than would be thought possible by the 
beginner. Work should also be rendered as systematic 
as possible, in order to economize time and thought. 

45. The following directions for trying the analytical 
reactUms are important : 

1. A solution of the substance, the reactions of which 
are to be tried, must always be employed, unless it is 
specially stated that the solid is required. Solid sub- 
stances are usually necessary only for blowpipe reac- 
tions. A solution may be kept in readiness, or it can 
be easily made from the solid by warming it with 
water, or in some cases with dilute acid (553-4). This 
liquid is often called the original solution. 

8* 
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2. Take, in a test-tube or small beaker, about twenty 
cubic centimetres of the solution of the substance. If 
the solid substauce is also required, take some of it upon 
a watch glass and powder it finely. 

3. Pour a little of the solution into a perfectly clean 
test-tube and add the first-mentioned reagent to it. 
A few drops of the reagent should be added at 
first ; more can be employed afterwards if excess is 
required. The student must from the first acquire the 
habit of working with small quantities both of solutions 
and reagents. In trying each of the reactions a 
separate portion of the original solution is to be taken. 

4. Before trying a reaction, the student should 
carefully read through the whole of the description of 
the results to be obtained ; the experiment is then to be 
performed, literally following out the directions given. 
It is a necessary condition of after success that each 
result should be obtained precisely as is stated in the 
text ; and the student must never on any account pass 
on without being satisfied that the statements of the 
book are true, and that he could at any time repeat the 
test successfully. 

5. The water used for the tests and reactions must 
always be distilled water. The acids are to be used in 
a dilute condition unless it is stated that the strong acid 
is to be employed. It will always be specified when 
solid reagents are to be used, otherwise they are to be 
employed in solution. In all cases KHO and NaHO 
may be used indifferently the one for the other. 
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REACTIONS FOR THE METALS. 



In trying through the reactions for the metals the usual order 
of the analytical groups has been reversed, because the most 
simple reactions occur in the last groups and they are therefore 
better suited for a beginner. 



GROUP V.— THE POTASSIUM GROUP. 

46. This group includes K, NH 4 , Na, Mg : the first 
three of these belong to the group of the alkali metals. 

The members of tnis group are not precipitated by any 
group reagent. 



Potassium (K).— Use KC1. 

47. PtCtu if added to some of the KC1 solution on a 
watch glass and stirred gently but persistently with a 
glass rod, gives a yellow crystalline precipitate (K 2 PtCl 6 ), 
which forms first along the lines where the rod has rubbed 
the glass. 

Stir up the precipitate and pour off the liquid with the 
precipitate into three test-tubes ; to one add much dis- 
tilled water and heat, the precipitate dissolves ; to another 
part add alcohol, the precipitate does not dissolve. Hence 
this precipitate is soluble in water, and insoluble in alcohol. 
By warming the third portion with solution of KHO, 
the precipitate is shown to be soluble in that liquid. 

Since this precipitate is soluble in alkalis, the liquid 
should always be neutral or faintly acid before adding 
PtCl 4 ; it is always well to make sure by test paper that the 
liquid is slightly acid in reaction (34). Further, as the 
precipitate is more insoluble in alcohol than in water, 
addition of alcohol often hastens its formation in dilute 
solutions, Owing to the solubility of the precipitate in 
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water, very dilute solutions must be evaporated nearly to 
dryness and cooled before applying the test. 

48. NaHT, if added to some of the KC1 solution in 
a test-tube, gives a white crystalline precipitate (KHT) ; 
this precipitate usually appears only when the mouth of 
the test-tube is closed with the thumb and the tube is 
well shaken for some time. 

Shake up the precipitate and pour it off with the 
liquid into four test-tubes; add to these different portions, 
water, KHO, and HC1 respectively ; on being shaken or 
warmed with, each of these liquids, the precipitate will 
dissolve. To the fourth portion add alcohol ; the pre- 
cipitate does not dissolve. 

In using the above test for the detection of potassium, 
the precipitate will not be obtained at once in dilute 
solutions; but its formation is much hastened by the 
addition of alcohol ; very dilute solutions must first be 
concentrated by evaporation. The solution to be tested 
should be neutral or feebly alkaline : if it is strongly acid 
in reaction, the free acid should be neutralized by the 
addition of NajCOj solutidh, or if the acid is volatile, it 
may be removed by evaporation ; feebly acid solutions 
maybe at once mixed with NaHT; to an alkaline solu- 
tion H 2 T should be added until the reaction of the liquid 
is strongly acid. 

49. Flame coloration (41). — Dip a loop of platinum 
wire, which gives no color to the flame, iuto some strong 
KC1 solution, or moisten it and dip it into some finely- 
powdered KC1, and hold the loop in the flame. A pale 
lilac coloration will be seen if the KC1 is pure ; but wnat- 
ever tint is thus seen, the flame will always appear deep 
crimson red through the thicker parts of an indigo prism* 

The flame coloration due to potassium shows in the 
spectroscope a red line (a) and a faint indigo blue line (J3) 
at the extreme euds of the spectrum (see page 66) ; a faint 
continuous spectrum is also visible. 
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50. Heat a little solid KCl in a small dry test-tube, 
or powder it finely and heat it on a piece of platinum 
foil ; the KCl will melt, but it will not pass into va- 
por and produce white fumes unless it is heated very 
strongly, since potassium salts are only slightly vol- 
atile even at a bright red heat. The fused residue is 
often transparent and invisible; its presence is detected, 
however, by a slight crackling being heard during the 
cooling of the foil. 

Ammonium (NH 4 ). — Use NH 4 C1. 

51. KHO, if poured into some of the solution, or 
upon the solid, and heated, gives off ammonia gas, 

NH 4 C1 + KHO - NH 8 + KCl + H 2 0, 

which is recognized by the following properties : 

a. By its pungent smell, which is that of common 
smelling salts. 

b. By turning moistened red litmus paper blue, or 
turmeric paper brown: wet a small piece of the test 
paper with distilled water, and place it upon the end of 
a glass rod ; then bold the rod in the test-tube, taking 
great care not to bring it into # contact with the liquid or 
with the sides of the tube; the change of color will take 
place. 

c. By yielding white fumes with an acid gas or 
vapor. Hence if a glass rod or stopper, wetted with 
strong* HC1, HNO s , or HA, is held over the mouth 
of the test-tube, dense white fumes will be seen. 

52. PtCl 49 when stirred on a watch glass with some 
AmCl solution, gives a yellow crystalline precipitate 
(Am 2 PtCI 6 ) ; this precipitate is soluble in water and in 
KHO, but insoluble in alcohol. If it is boiled with 
KHO, it evolves NH 8 , differing in this way from 
K 2 PtCl 6 . The remarks at the end of (47) apply to 
this reaction also. 

63. NaHT, when shaken for some time in a test- 
tube with AmCl jsolution, gives a white crystalline pre- 
cipitate (AmHT), which is soluble in H 2 0, in KHO, 
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and in HC1, but is insoluble in alcohol. The remarks 
at the end of (48) apply also to this reaction. 

54. Flame coloration. — Pure AinCl gives no flame 
coloration ; but it almost invariably contains a trace of 
sodium, which imparts a yellow color to the flame. 

55. Heat a little solid AmCl on a piece of platinum 
foil ; it will be converted into vapor, and will produce 
white fumes : these are best seen if the foil is removed 
for a moment from the flame ; the solid at last entirely 
disappears, showing that AmCl is completely volatile. 

Repeat the experiment by heating a small piece of 
solid AmCl in a dry test-tube; the solid is completely 
volatilized, and is condensed as a white coating or sub- 
limate on the upper part of the tube. 



Sodium (Na). — Use NaCl. 

56. Flame coloration. — NaCl gives an intense yellow 
color to the flame; the color is either invisible or ap- 
pears only pale blue when viewed through the indigo 
prism, and never shows tltis slightest tinge of red when 
seen through the thicker parts of the prism. A crystal 
of red potassium dichromate apj)ears colorless if illum- 
inated by this yellow flame. Examined by a small 
spectroscope, the sodium coloration gives a single yel- 
low line a, see page 66. 

The yellow coloration of the flame due to sodium is 
always readily seen, since it overpowers the potassium 
coloration; its production is the most delicate and trust- 
worthy, and often the only possible, test for sodium. 

If both potassium and sodium are present, the potassium 
coloration is unseen, and the yellow coloration of sodium 
is alone visible; but on examining this flame through the 
indigo prism, the crimson coloration of potassium is at 
once seen. Prove this by mixing together KC1 and NaCl 
solutions and examining the flame coloration both with 
and without the indigo prism. Look at this coloration also 
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through the spectroscope ; the lines of Na and K will 
be distinctly separated from one another. 

57. Heat a little solid NaCl in a dry test-tube or on 
platinum foil ; it will melt without producing white 
fumes unless it is heated very strongly, since NaCl is 
only slightly volatile at a bright red heat. 



Magnesium (Mg). — Use MgS0 4 .7H 2 0. 

The 7H 2 represents the water of crystallization alwayB 
present in the solid state in the crystallized salt ; water of crys- 
tallization is entered in this way throughout the book. 

58. Na^HPO^ added after AmCl and AmHO, gives 
a white crystalline precipitate (MgAmP0 4 ) ; if much 
water is present, this precipitate forms only when the 
liquid is warmed and well stirred or shaken : it is sol- 
uble in HC1 and in other acids, but is insoluble in 
AmHO :— 

MgS0 4 + AmHO + Na,HP0 4 =MgAmP0 4 + Na 2 S0 4 + H.O. 

59. KHO gives a white precipitate (MgHjOj), 
readily soluble in acids. 

60. AmHO gives a white precipitate (MgH^O^) ; 
but if AmCl is added before the AmHO, no precipitate 
is produced. 

61* Am^CO^ gives a white precipitate (MgCO s ) only 
in strong solutions and on standing for some time: 
AmCl prevents the formation of this precipitate also. 

62. Flame coloration. — Pure MgS0 4 solution gives 
no color to the flame. 

63. Blowpipe test— If a little solid MgS0 4 .7H 2 is 
placed in a small cavity on a piece of wood charcoal, and 
then heated in the tip of the outer blowpipe flame (39), 
it shines brightly and gives a white unmelted mass of 
MgO ; no white fumes are given off, since MgO is not 
volatile. If this white mass after cooling is moistened 
with several drops of cobalt nitrate solution and is again 
heated to whiteness for some time in the outer blowpipe 
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flame, it assumes a delicate pink color ; this color is best 
seen when the mass is quite cold by comparison with a 
piece of white paper held near the residue on the 
charcoal. 



Detection of One Metal in Group V. 

64, After having carefully worked through the 
reactions for the metals in the fifth group, the student 
should proceed to apply the experience thus acquired to 
the detection of one metal belonging to this group. A 
salt containing only one of these metals having been 
supplied, separate portions of it should be subjected to 
the tests given in the first column of the following 
Table of Differences (65). 

A glance at this Table will show that those tests have 
been selected which best serve to distinguish the metals 
of this group one from another. The order in which 
these tests are placed is also such as will best serve this 
object. It will be evident that it is never necessary to 
try the whole of the tests upon any one substance ; the 
presence of the metal detected by one test may be con- 
firmed by another selected for that purpose. The third 
and fourth tests are also manifestly alternative ones, the 
use of NaHT being preferable to that of PtCl 4 because 
it is cheaper. A selection is made from the first four 
tests in examining a liquid : a solid substance would be 
first subjected to the fifth and sixth tests, a portion of 
the solid dissolved in water being afterwards examined 
by the earlier ones. 

As each test is made the result yielded by it is care- 
fully observed : occasionally no change is noticed, as is 
indicated by a blank in the column to the right : if any 
result is noted, it is looked for in the columns to the 
right, and will indicate the presence of that metal which 
heads the column in which the result stands. 

Sodium is rarely entirely absent from any substance : 
the quantity present may be judged by the intensity of the 
yellow coloration : unless this is very intense, the presence 
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of a trace of sodium should be noted down, and another 
metal should be looked for. 

The student will naturally take advantage of the aid 
afforded by the spectroscope in examining the flame 
coloration (42). 

The following example of the entry of a simple 
analysis will illustrate both the method of selecting 
the tests and of entering the work done : 

A solid white substance was given to be tested for one metal 
in Group V. 



Tort. 


Observation. 


Inference. 


1. Heated in an ignition 

tube. 

2. Heated on charcoal in 

the blowpipe flame. 

Diuolved part of the mo- 
statu* In wafer. 

3. Held a drop on a plat- 

inum wire loop in 
the flame. 

4. Stirred a little of the 

solution with a few 
drops of PtCl* on a 
watch glass. 


Substance fused, but did 
not volatilise. 

Substance fused, and sank 
into the charcoal. 

A pale lilac flame colora- 
tion, which appeared 
crimson through the in- 
digo prism. 

A yellow precipitate 
formed. 


Absence of NH*. 
Presence of K or Na. 

Presence of K. 
Presence of 1L 


Found K. 



Several simple unknown salts of the metals of Group 
V. should be examined in this way by the Table (65), 
and the results carefully entered in the note-book. 
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_ _ • 

65. Group V- — Table op Differences, 



Tests. 


K-Salts. 


NH 4 -aalte. 


Na— salts. 


Mg— salts. 


For aofatfoftt. 

1. Boil with KHO 
solution : 

2. Heat in the 
Bunsen flame 
on a clean pla- 
tinum wire: 

3. Add PtCl 4 , 
make slightly 
add with di- 
lute HC1, and 
stir vigorously: 

4.AddNaHT and 
shake well : 


Pale Mac flame. 
which appears 
crimson through 
the indigo prism. 

• 

Yellow crystal- 
line precipitate, 
forms only in 
strong solutions. 

White crystalline 
precipitate in 
strong solutions. 


NH 8 gas given 
off: known by 
its smell and by 
turning moist 
red litmus blue; 
it also gives 
dense white 
fumes with 
strong HO. 

Yellow crystal- 
line precipitate, 
forms only in 
strong solu- 
tions. 

White crystalline 
precipitate in 
strong solu- 
tions. 


htfmm feUow 
flame, which 
shows no tinge 
of red through 
the indigo- 
prism. 


White precipitate. 

Confirm by 
adding AmCL 
AmHO, and 
NafHPO* to a 
fresh part of 
the solution 
(68). 


For 9oUd* onlf. 

6. Heat to red- 
ness in a dry 
test-tube, or on 
platinum foil : 

6. Heat strongly 
on charcoal in 
the outer blow- 
pipe flame : 


Non-volatile, un- 
less heated to 
bright redness. 

Easily fusible, 
sinking into the 
charcoal, and 
coloring the 
flame pale vio- 
let (See 2.) 


Volatile; white 
fumes are given 
off and the sub- 
stance posses 
into vapor, at 
least partially, 
forming a sub- 
limate on the 
upper part of 
the tube. 

Volatile, giving 
off white fumes. 


Non-volatile, un- 
less heated to 
bright redness. 

Easily fusible, 
sinking Into the 

'charcoal, and 
coloring the 
flame intense 
yellow. (See 2.) 


Non-volattte. 

White infusible 
residue is left, 
which If moist- I 
ened with j 
Co(NO|), solu- 
tion and re- 
heated becomes I 
pink. 



66.*] GROUP V.— DETECTION OF METALS. 87 



Detection op Metals in Group V. 

Paragraphs, the numbers of which are marked with an as- 
terisk, may be omitted by students who are learning the 
analysis of simple Baits only. 

66.* When more than one metal of the fifth group 
is present in the substance to be examined, the possi- 
bility of interference in the reactions arises ; it should 
be remembered, however, that — 

1. NH 4 may be always detected by the evolution of 
NH 3 on boiling the substance with KHO solution. 

2. Na can always be found by its yellow flame color- 
ation. 

8. Mg is indicated with certainty by its precipitation 
by KHO solution, and by Na-gHPO^ in the presence of 
AmHO and AmCl. 

4. K may always be found by a crimson flame color- 
ation seen through the indigo prism, or by the red line 
in its spectrum. 

5. The test for K by means of PtCl 4 or NaHT is 
only conclusive in the absence of NH 4 . If NH 4 is 
present, therefore, its salt must be removed by ignition 
before K can be tested for by precipitation. 

The student should now proceed to examine by the 
Table (67) several solutions containing two or more 
metals of the fifth group. The composition of each 
solution should be unknown to him, and by trying the 
tests in the order given in the Table upon separate por- 
tions of the solution, the metals present may be discov- 
ered. Only one of the observations recorded against 
each test will be made ; in future tables the bracketed 
paragraphs, which concern the absence of the metals, 
will be omitted. 

The flame coloration obtained in Exp. 2 of this Table 
should be examined by the spectroscope. 
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67.* Table fob testing fob Mg, K, Na, NH^ in 
a Solution which may contain all of them. 



Experiment. 



I. Add to a nnaU part of 
the solution AniCl, then 
AmHO and Na-HPO* 
■hake well and allow to 
stand if no precipitate 
appears at once. 



IL Dip a small loop of 
clean platinum wire into 
the solution, and hold it 
near the top of the 
Bunsen flame. 



III. Boll some of the soln- 
tion in a test-tube with 
KHO solution, and try 
whether NH« is Riven 
off by smelling; ; or if it 
cannot be smelt, by test- 
ing with moistened red 
litmus paper or strong 
HCL 



Observation. 



1. A white precipitate 
forms. 

[2. No precipitate appears.] 



1. A yellow flame. 

Look at the yellow flame 
through the indigo 
prism ; a crimson red 
color is seen. 

2. A pale violet flame, ap- 
pearing crimson red 
when seen through the 
indigo prism. 

[3. No color it imparted 
to the flame. 



1. NHs gas is smelt, or the 
red litmus becomes blue, 
and white fumes are ob- 
tained with Ha. 

[2. No NH. is smelt, and 
moist red litmus paper 
it not blued, neither are 
white fumes obtained 
with HC1.] 



Inference. 



Presence of Mg. 
[Absence of Mg.] 



Pretence of Na, possibly 
also of K. 



Presence of K. 

Presence of K and 
of Na. 



[Absence of K and Na.] 



Presence of NH* 



[Absence of NH*.] 



IV. A confirmatory test for K may be made by adding PtCl 4 or NaHT. If 
Exp. III. has shown that NH 4 is present, proceed to test for K by column A; if 
NH 4 is absent, test for K by column B (66, 5). 



A. 

Boil some more of the solution down 
to dryness in a porcelain dish ; scrape 
out the white substance left in the dish, 
and heat it strongly on a piece of plati- 
num foil as long as auy white fumes are 
seen to be given off, when the foil is 
taken out of the flame for an instant. 
Place the foil when cold In a test-tube, 
and boll it with very UUU water, to 
which a drop of dilute HC1 has been 
added, and evaporate to several drops ; 
cool the liquid, and pour it out upon a 
watch glass, add a little PtCl^ and stir 
well:— 

A yellow precipitate :— iVeemcs of K. 



B. 

Pour a little of the solution upon a 
watch glass, ndd FHCI4, and stir well : a 
yellow precipitate : — Pretence of K. 

If no precipitate forms, K may never- 
theless be present, the solution being too 
dilute to allow the precipitate to form ; 
therefore pour some of the solution into 
a porcelain dish, toil down nearly to dry- 
ness, cool and test this liquid by stirring 
it with PtCI* on a watch glass, adding 
alcohol if the precipitate does not appear 
at once : a yellow precipitate : — Pretence 
o/K. 

Able.— Addition of alcohol will frequently 
produce the precipitate without evap- 
oration. 
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GROUP IV.— BARIUM GROUP. 

68. This group includes Ba, Sr, Ca. 

These metals differ from those of Group V. by being 
precipitated as carbonates by Am 2 C0 3 , even in the pres- 
ence of AmCl. They are not precipitated by any other 
group reagent. The carbonates are soluble in boiling 
solution of AmCl. 



Barium (Ba).— Use BaCl 2 .2H 2 0. 

69. AmfiO^ added after AmCl causes a white pre- 
cipitate (BaC0 3 ), which is at first flocculent, but slowly 
shrinks in bulk and becomes crystalline if it is gently 
heated and allowed to stand : prove that this precipitate 
is soluble in HA. 

70. CaS0 4 , or HJS0 4 : heavy white precipitate (Ba- 
S0 4 ), insoluble in HC1 even on boiling. 

71. K 2 QrOi added after some HA : yellow precipitate 
(BaCrOj, which is soluble in warm HC1, but differs 
from SrCr0 4 by being soluble in warm HA. 

72. flfSiF 9 : semi-transparent precipitate (BaSiF 6 ) : the pre- 
cipitate does not appear in dilute solutions until after some time, 
or until the liquid is boiled, or alcohol is added : shaking or 
stirring the liquid hastens its formation. H^iFg yields no pre- 
cipitates with solutions of Sr and Ca salts. 

73. -4m,C 2 4 : white precipitate (BaC 2 4 ). 

74. Flame coloration : BaCl 2 gives a yellowish-green 
color to the flame, visible through the indigo prism. 

The spectrum (p. 66) consists of a number of lines, 
the most characteristic of which are three green lines, «, 



Strontium (Sr).— Use Sr(N0 3 ) 2 .4H 2 0. 

75. ^ImjCC^addedaftersomeAmCl: white precipitate 
(SrC0 3 ), soluble in HA ; this precipitate is flocculent at 

9* 



90 GROUP IV.— STRONTIUM, CALCIUM. [76-83. 

first, but quickly becomes crystalline and shrinks very 
considerably when heated. 

76. CaSOv or HJSO^ : white precipitate (SrS0 4 ) : this 
precipitate does not usually form in a cold solution 
at once, but only after standing for some time; the 
precipitate, however, appears at once on boiling the 
liquid. 

77. K 2 CrO A added after some HA: no precipitate, 
since SrCr0 4 is soluble in HA. 

78. Am^C^O^: white precipitate (SrC a 4 ). 

79. Flame coloration : crimson red; this color appears 
intense red through the indigo prism unless the flame 
coloration is very faint. 

The strontium spectrum contains many lines ; the most 
characteristic are the orange line (a), the red lines (/9, r) 
and the blue line (d). 



Calcium (Ca).— Use CaCl 2 .6H 2 0. 

80. Am 2 CO s added after AmCl : white precipitate 
(CaCo 3 ), soluble in HA : this precipitate is flocculent 
at first, but shrinks considerably and becomes crystal- 
line after standing for some time, or when it is gently 
heated. 

81. CaS0 4 :. no precipitate, even when the liquid is 
allowed to stand, or is boiled. 

82. H 2 S0 i : a white precipitate (CaS0 4 ) forms at once 
in strong solutions, and often in weak solutions when 
they are boiled ; but some CaS0 4 will always remain 
dissolved, since it is not quite insoluble in water; prove 
this by boiling the liquid containing the precipitate and 
filtering it ; then keep adding AmHO to the filtrate 
and stirring it until a drop of the solution turns red lit- 
mus paper blue and the liquid smells of NH 3 ; then 
add Am 2 C 2 4 , a white precipitate will form, showing the 
presence of Ca (85), which must have been dissolved as 
CaS0 4 . 

83. K 2 OrO i : no precipitate. 
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85. Am 2 C 2 O i \ white precipitate (CaCjOJ, soluble in 
most acids, but insoluble in HA and in H 2 C 2 4 . 

86. Flame coloration : yellowish red ; this color view- 
ed through the indigo prism does not appear red, but 
dingy green, thus differing from that given by Sr. 

In the calcium spectrum the most characteristic lines 
are the green line (/J) and the intense orange line (a). 

87. Group IV. — Table op Differences. 

The first three tests only need be used for the detection of a 
member of this group occurring by itself in solution : test 1 
serves also for solids. 

The flame coloration obtained in Exp. 1 should be examined 
by the spectroscope. 



Testa. 


Ba— salts. 


Sr—flalts. 


Ca-salts. 


1. Flame coloration : 

2. CaSO* added to 
the cold solution : 

3. KjCrQ 4 added 
after HA: 


Greenish-yellow. 

An immediate pre- 
cipitate. 

Light yellow pre- 
cipitate. 


Intense crimson, 
appears crimson 
through the in- 
digo prism. 

A precipitate ap- 
pearing only after 
a short time or 
immediately on 
boiling. 


Yellowish red, ap- 
pears dingy green 
throygh the in- 
digo prism. 








[4. Hj8iF added: 

5. HjS0 4 added In 
excess and boiled: 


White precipitate. 

Entirely precipi- 
tated as BaS0 4 . 




_ 1 


Entirely precipi- 
tated as 8rS0 4 . 


J 

Partially precipi- 
tated as CaS0 4 
(82). 



Separation and Detection of Metals in 

Group IV. 

88,* The following differences are made use of : 

1. The different flame colorations yielded by these 
metals examined, if necessary, through the indigo prism, 
or by means of the spectroscope. 
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2. The difference in the behavior of their solutions 
with CaS0 4 solution, which at once indicates the pres- 
ence or absence of Ba, or of Sr in the absence of Ba. 

3. The insolubility of BaCr0 4 in HA, and hence the 
possibility of separating Ba, if present, by adding HA 
and then K 2 Cr0 4 . 

4. The fact that Sr but not Ca can be precipitated by 
CaS0 4 pn boiling ; this reagent will therefore indicate 
the presence of Sr in the absence, or after the separa- 
tion, of Ba. 

5. The complete precipitation of Sr, if present, by 
boiling the solution with H^30 4 ; sufficient CaS0 4 still 
remaining in solution to give in the filtrate made alka- 
line with AmHO a precipitate of CaC 2 4 on addition 
of Am 2 C 2 4 . 

89.* A solution which, has to be examined for Ba, 8r 9 
and Ca, and can contain only these substances, is made 
alkaline, if it is not already so, by the addition of 
AmHO ; Am 2 CO s is then added as long as it causes 
any further precipitate after the liquid has been stirred 
well and allowed to settle : the liquid is then filtered : a 
little more Am 2 C0 3 is added to the clear filtrate, and if 
this causes any further precipitate, more Am 2 C0 3 is 
added, and the liquid is again poured through the same 
filter. 

As soon as the filtrate gives no further precipitate with 
Am 2 C0 3 , all the members of this group wnich were 
present in the solution will have beeu precipitated as 
carbonates, and on filtration will be obtained on the 
filter. The precipitate is then examined by Table IV. 
(438). 
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GROUP III.A.— IRON GROUP. 

90. This group includes Al, Fe, Cr. 

The members of this group differ from those of 
Groups III.B, IV., and V. by being precipitated by 
AmHO after addition of AmCl ; they are not precipi- 
tated, however, by the group reagents for Groups II. 
and I. This group is also precipitated by An^S, or by 
HjS added to the alkaline solution. Group III.A fur- 
ther differs from Group III.B in being completely pre- • 
cipitated by adding BaC0 3 shaken up with water ; this 
reagent affords the most perfect means of separating 
these two sub-groups. The members of this group 
show no characteristic flame colorations ; but, with the 
exception of Al, they impart a characteristic color to 
the borax bead. 



Aluminium (Al).— Use AlAm(S0 4 ) 2 .12H 2 0. 

91. AmHO: white flocculent precipitate (A1 2 H 6 6 ), 
which is seen best on boiling the liquid ; it is soluble in 
HC1, in HA, and slightly soluble in AmHO in the 
absence of AmCl :— 2AlAm(S0 4 ) 2 + 6 AmHO = Al^O, 
+ 4Am 2 S0 4 . 

92. KHO added in very small quantity : white floc- 
culent precipitate (A1 2 H 6 6 ), soluble in excess of KHO. 
If to a part of the KHO solution HC1 is added grad- 
ually until it is neutral, the A1 2 H 6 6 is reprecipitated ; 
if more acid is added, the precipitate dissolves, but re- 
appears on adding AmHO in slight excess. From an- 
other portion of the KHO solution, the A1 2 H 6 6 may 
be reprecipitated by the addition of sufficient AmCl 
solution. 

93. AmJS: same precipitate (A1 2 H 6 ? ), HJS gas being 
evolved or remaining dissolved in the liquid : — 

2AlAm(S0 4 )» + 3Ain,S + 6H a O — Al a H 8 6 + 4Am a SO i + 3H,S. 



94 GROUP III.A.— ALUMINIUM, IRON. [94-98. 

94. Blowpipe reaction. — Solid AlAm(S0 4 ) 2 .12H 2 0, 
when heated on charcoal in the outer blowpipe flame, 
and then moistened, after cooling, with Co(NO s ) a solu- 
tion and again heated in the outer flame, gives a fine 
blue mass. 

Iron (Fe).— Use Fe^, and FeS0 4 .7H a O. 

95. Two classes of iron compounds are known, which differ 
in appearance and properties and behave differently with re- 
agents : they are distinguished a& ferrous and ferric compounds 
respectively: in the former class the metal may be distin- 
guished by the name ferrosum and by the symbol (Fe"), and 

• in the latter by ferricum (Fe'"). The dashes following the 
symbol denote the number of CI atoms, or their equivalent, 
which are combined with one atom of Fe in its compounds. 

It is usual, in stating analytical results, to mention in which 
state of combination the iron exists, and therefore some dis- 
tinctive tests are described below (101). The whole of the re- 
actions of ferrous compounds are not given, because Fe is 
always separated and detected in the course of analysis as a 
ferric compound, and ferrous compounds are found by special 
reactions tried on the original substance. 

Ferrous are readily converted into ferric compounds by boil- 
ing them for a short time with a little strong HN0 3 , or with 
HC1 and a crystal of KC10 S . 

Both classes of compounds give the same results in the blow- 
pipe reactions (99, 100). 

Ferric salts are usually yellow or reddish yellow; ferrous 
salts are usually pale green, or white if perfectly anhydrous. 

Use Fe,Cl 6 solution for reactions 96-98 ; and solid FeSC^JHjO 
for 99, 100. In preparing FeS0 4 solution for 101, crush a crys- 
tal of the solid substance and shake it in a test-tube with cold 
water. 

96, AmllO, or KHO: reddish -brown flocculent pre- 
cipitate (Fe 2 II 6 6 ): insoluble in KHO, soluble in IIC1. 

97, AirUfS: a black precipitate (FeS), mixed with white 
sulphur : FeS is soluble in boiling acids, but insoluble 

in KHO :—Fefi\ € + 3 Ara^ =2FeS + 8 + 6AmCl. 

In a very dilute iron solution a green color only is 
produced at first by AnijS, but black FeS separates 
after the liquid has stood for some time. 

98, HJR gas passed into the solution, or added as 
HjS-water: black precipitate (FeS) in alkaline solutions: 
in neutral or acid solutions sulphur is precipitated and 
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the ferric is changed into a ferrous salt ; the color of 
the solution therefore changes from yellow to pale green, 
as is seen after boiling and filtering a strong solution : 

Fe.de + HjS = 2FeCl a + 2HC1 + S. 

99. Fused with Na^Co^ on charcoal in the inner 
blowpipe flame, a solid iron compound leaves a grey 
powder ; this is shown to be magnetic by being attracted 
when touched under water with the end of a magnet, or 
with the point of a magnetized knife-blade (39, 40). 

100. A borax bead (38) containing Fe is reddish 
brown while hot, and yellow when cold, after having 
been fused in the outer blowpipe flame: after fusion in 
the inner flame it is olive green. 

101. Distinctive Tests for Ferrous and 

Ferric Salts. 

For these tests several drops of dilute HC1 should be first 
added to the Fe solution. 



Beagents to be added. 


Ferric salts. 
(Use FegCIt solution.) 


Ferrous salts. 
(Use FcS0 4 solution.) 


1. K+FeCyt added in 
small quantity : 

2. *«(*w* 6 y. 

3. KOg8: 

4. KHO: 


Dark-blue precipitate, "Prussian 
blue; 11 insoluble in HC1,* 
soluble in HjCgO* and slightly 
soluble in KiFeCy 6 added in 
excess ; turned brown by KHO. 

No precipitate: the solution 
darkens, but on dilution with 
water is seen to contain no 
precipitate. 

Blood-rtd coloration: no pre- 
cipitate is produced, the liquid 
being perfectly clear on dilu- 
tion ; the color is immedi- 
diately destroyed when several 
drops are poured into some 
HgGlgBolution: its production is 
hindered by HN0 3 andby HA. 

Beddieh-brovm precipitate. 


Light-blue precipitate, be- 
coming dark-blue in 
the air, or on addition 
of HNOg or Br-water. 

Dark-blue precipitate. 
"Turnbull's blue:' ; 
insoluble in HC1. In 
very dilute solution 
only a dark bluish grey 
color is produced. 

No red coloration unless 
small quantities of 
ferric salts are present. 

Dingy-green precipitate, 
turning brown in the 
air. 



•The solubility and insolubility of this precipitate must be shown by 
warming separate portions of the blue liquid containing the precipitate 
with HC1, H 2 C*0 4 and K 4 FeCy„, then separately filtering each : if the 
precipitate has been dissolved the filtrate will be dark blue. 
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Chromium (Cr).— Use CrK(S0 4 ) 2 .12H 2 0. 

Chromic salts are usually bluish green or violet in color. 

102, AmHO : pale bluish green or purple precipitate 
(Cr 2 H 6 6 ) : if AmHO is added in large quantity and 
the liquid is heated, some of the precipitate dissolves, 
producing a beautiful violet-red solution : the color is 
bast seen after filtering off the precipitate : from this 
solution the Cr 2 H 6 6 is reprecipitated on boiling the 
liquid for several minutes in a porcelain dish. 

103, KHO, if added in small quantity, gives the 
same precipitate (0r 2 H 6 O 6 ) : if more cold KHO is added, 
the precipitate is entirely dissolved to a green fluid ; on 
diluting this liquid with water and boiling for several 
minutes, the Cr 2 H 6 6 is reprecipitated and the liquid 
becomes colorless : AmCl added to the KHO solution 
also reprecipitates the Cr 2 H 6 O e . 

If to some of the green liquid, obtained by adding 
KHO -in excess to the chromium solution, a little red 
lead or lead peroxide (Pb0 2 ) is added and the liquid is 
then boiled, a yellow liquid is obtained, from which a 
yellow precipitate (PbCr0 4 ) is thrown down on the 
addition of HA in excess. 

104, Am^S also precipitates Cr 2 H 6 6 , HjS gas being 
given off or remaining dissolved. See the reaction in 
paragraph 93. 

105, Fusion of a solid substance containing Or with 
Na 2 CO s and KNO a on platinum or porcelain yields a 
mass which is colored yellow by NasCrO*. On dis- 
solving this in boiling water a yellow solution is 
obtained, which, if acidified with HA and boiled for a 
few minutes to drive off C0 2 , gives with PbA 2 solution 
a yellow precipitate of PbCr0 4 . 

106, A borax bead containing Cr is green after 
having been fused either in the outer or in the inner^ 
blowpipe flame. 

Cr forms two classes of compounds : in one class Cr in com- 
bination with oxygen acts as an acid radicle: this class includes 
the chromates, such as K^CrO* and K,Cr f O T , they are usually 
yellow or reddish in color ; but Cr also forms a series of salts 
in which it acts as a metallic radicle ; these are usually green 
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or violet and give the above reactions for Or. The latter com- 
pounds pass by oxidation into the former in reactions 103, 
105, where the oxidation is caused by PbO, and by KNO s 
respectively. Chromates pass by reduction into green chromic 
compounds ; examples of this change will be found under the 
tests for chromic acid (286). 



107. Group IILa. —Table of Differences. 



Tests. 



For liquid*. 
1. Add AmHO : 



2. Add KHO : 



3. Add KCy Sand 
a few drops of 
HC1: 



Blowpipe tests 
for solids. 



4. Fuse with 
NagOOt and 
KNO. on plati- 
num foil : 



5. Heated on 
charcoal: 



Al-salts. 



6. fused in borax 



White flocculent 
precipitate. 



White flocculent 
precipitate, 
easily soluble in 
exce$$ of KHO, 
not reprecipi- 
tated on dilut- 
ing and boiling 
for some time. 



If moistened with 
Co(NO,) s eola- 
tion and re- 
heated strongly 
giresaJliM blue 
mate. 



Fe'"-ealts. 



Reddish brown 
flocculent pre- 
cipitate. 



Reddish brown 
flocculent pre- 
cipitate, insolu- 
ble in excem of 
KHO. 



Deep blood red 
coloration, de- 
stroyed by pour- 
ing into IlgCl, 
solution. 



On cooling, a 
white mass of 
Na,OO s re- 
mains, with 
dark brown 
particles of 
iTeVv 

In Inner flame 
mixed with 
Na*GO s gives a 
grey magnetic 
powder. 



Reddish yellow 
in outer flame. 
Greenish yellow 
in inner flame. 



Fe" 



Dingy green pre- 
cipitate, rapidly 
turning brown 
when left ex- 
posed to the air. 

The same precip- 
itate as with 
AmHO, insolu- 
ble in exosss of 
KHO. 



No coloration vik- 
less Fe'" is also 
present. 



Same as Fe"'. 



Same as Fe"'. 



Same as Fe"'. 



Or— salts. 



Pale yreeafloccu- 
lent precipitate, 
color unal- 
tered by expo- 
sure to air. 

Pale green pre- 
cipitate, soluble 
in excess of oold 
KHO t butrepre- 
dpilaied on dilu- 
ting and boiling 
for some time. 



On cooling, a fel- 
low mass re- 
mains ; the so- 
lution in HA 
gires a yellow 
precipitate with 
PbAf 



Qreen both in 
outer and inner 



10 
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Separation and Detection of Metam in 

Group III.a. 

108.* The following differences are utilized : 

1. The solubility of A1 2 H 6 6 in boiling KHO, in 
which FejHgOg and OvHgOg are insoluble. 

2. The conversion of 2 H 6 6 by fusion with Na,CO s 
and KNO a into soluble NagCrC^: FejHgOg when thus 
treated remaining as FegOj, which is insoluble in water. 

3. Cr is then detected by the yellow color of the so- 
lution of Na^CrO* in water, and by the formation of a 
yellow precipitate on acidifying it with HA and adding 
PbAj. 

4. Fe is found by the blood-red coloration obtained 
ou adding KCyS to the Fe^ dissolved in HC1. 

109.* A solution which may contain Al, Fe, Or, is 
examined in the following manner : 

To a few drops of the liquid acidified with HC1 add 
a little K 4 FeCy 6 : if a blue precipitate is produced, Fe 
is present : this portion is rejected. 

Two other small portions of the acidified solution are 
then tested ; one with K 6 (FeCy 6 ) 2 , which, by giving a 
dark-blue precipitate, would show the presence of Fe"; 
the other with KCyS, which may cause a blood-red 
color, proving the presence of Fe"'. 

Boil the rest of the solution, adding a few drops of 
strong HNO3 if Fe" is present ; add some AmCl, then 
Am HO until the liquid, after being well stirred, is alka- 
line and smells of NH 3 ; boil, filter and examine the 
precipitate by Table III.A (436), disregarding all the 
appended notes. 
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GROUP III.b.— ZINC GROUP. 

110. This group includes Zn, Mn, Ni, Co. 

Compounds of these metals differ from those of 
metals of Groups IV. and V. by being precipitated 
from their neutral or alkaline solutions by AnijS and 
from their alkaline solutions by HjS; they are not 
precipitated by the group reagents for Groups III.a, 
II. and I ; but Mn is precipitated by oxidation, if its 
solution mixed with AmCl and excess of AmHO is 
exposed to the air. 

The compounds of the metals of this group show no 
characteristic flame colorations ; but with the exception 
of those of Zn they give characteristic colors to a borax 
bead. 

Finely-powdered' BaCo s does not precipitate the 
compounds of the metals of this group from their 
solutions as it does those of the metals of Group III.A, 
unless they are present as sulphates. 



Zinc (Zn).— Use ZnS0 4 .7H 2 0. 

Zinc salts are usually colorless. 

Ill, Am^JS: white precipitate (ZnS): the precipitate 
often appears yellow from the presence of excess of 
yellow Am^ in the liquid : its true color is seen in the 
next reaction, or is evident when the precipitate pro- 
duced by Am^ is separated by settling or filtration. 
Prove the solubility of this precipitate as is directed in 
the next paragraph. 

U2. -HiS: white precipitate (ZnS): the Zn is only 
partly precipitated from a neutral solution, since HjSK^ 
is separated in which ZnS is soluble : — ZnS0 4 + 
H^ZnS+ttjSO,. But if NaHO or AmHO is 
added to neutralize the H2S0 4 , the Zn may be entirely 
precipitated : addition of sufficient NaA solution also 
causes complete precipitation, since the H^SO^ in the 
solution is thus replaced by HA, in which ZnS is in- 
soluble : 

ZnSo 4 +H 2 S+ 2NaA= ZnS + Na 2 S0 4 -f2HA. 



1 
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Add to some ZnS0 4 solution AmCl, then AmHO 
until it is alkaline, and then HjS, white ZnS will be 
precipitated : show by adding to separate portions of 
this liquid HC1, HA and Am^, that ZnS is soluble in 
HC1, and insoluble in HA and in Am^3. 

The tests which show the solubility of the sulphides of the 
metals of this group are best tried on the precipitate obtained 
by adding AmCl, AmHO in excess and H^S, unless freshly 
prepared colorless AnijS, can be obtained, since acids precipi- 
tate sulphur from yellow Am,S. 

113. KHO added in small quantity gives a white pre- 
cipitate (ZnH 2 2 ) : if more KHO is added, this precipi- 
tate dissolves, but is formed again on adding much 
water and boiling : or the Zn may be precipitated as ZnS 
from the KHO solution by the addition of H^S. 

114. If finely-powdered ZnS0 4 .7H 2 and Na/X), 
are mixed in a small cavity on wood charcoal, and the 
mixture is then heated in the inner blowpipe flame, an 
incrustation is obtained on the charcoal which is yellow 
while hot and white when cold. It cannot be driven 
away by the outer blowpipe flame, but is easily removed 
by the inner flame. If this incrustation when cold is 
moistened with cobalt nitrate solution and is then strongly 
heated in the outer blowpipe flame, it becomes green. 

The above changes of color are more distinctly obtained by 
heating a little solid ZnO in an ignition tube or in the outer 
blowpipe flame on charcoal, the oxide is yellow while hot and 
white when cold : if it is moistened on charcoal with Cfc^No,), 
solution and then reheated in the outer blowpipe flame, the 
ZnO becomes green. 

Manganese (Mn). — Use MnCl„ or MnS0 4 . 

Manganous salts are usually of a pale pink color : alkaline 
manganates are green, permanganates purple. 

115. Am^S: flesh-colored or pale pink precipitate 
(MnS), the color of which is best seen on filtering 
it from the yellow AnijS: the precipitate occa- 
sionally becomes dark green after standing for some 
time ; the color of the moist filtered precipitate always 
changes by oxidation to dark brown on standing in 
the air (11 8). For the solubility of this precipitate see 116. 
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116. HJS precipitates MnS partly from neutral solu- 
tions, entirely from alkaline solutions, but not at all in 
presence of free HC1 or HA : show with separate por- 
tions of the MnS precipitate,obtained by adding AmCl, 
AmHO in excess, and then HjS, that MnS is soluble in 
HC1 and in HA, but is insoluble in AmjS. 

117. KHO: white precipitate (MnHj0 2 ), quickly 
turning brown by oxidation ; this change is most rapid 
when the precipitate is filtered off: the precipitate is in- 
soluble in excess of KHO. 

118. AmHO gives the same precipitate ; but if sufficient 
AmCl is first added, AmHO produces no immediate 
precipitate ; the solution, however, on standing exposed 
to the air, gradually turns brown by oxidation, and the 
Mn is ultimately precipitated as brown Mn 2 H 6 6 . 

119. Any solid substance containing Mn, when fused in 
the outer blowpipe flame with a mixture of NajCOj and 
a little KN0 3 upon platinum foil, yields a bluish green 
mass on cooling : the mixture should be fused by heat- 
ing the under surface of the foil with the tip of the 
blowpipe flame, and the flame must not come into con- 
tact with the mixture. 

The test may also be made by fusing a mixture of 
NajCX^ and KNO a into a bead in a loop of platinum 
wire, and then fusing the substance into this bead by 
heating it in the extreme tip of the outer flame. 

This reaction is very delicate. 

119a. A solid Mn compound, when fused with Na,C0 8 on 
charcoal in the inner blowpipe name, yields a grey magnetic 
powder (39, 40). 

120. A borax bead containing very little Mn0 2 will 
be violet red whilst hot and amethyst red when cool 
after fusion in the outer blowpipe flame : when heated 
in the inner flame the bead becomes colorless. 

This reaction is yielded by minute quantities of man- 
ganese compounds. 

10* 
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Nickel (Ni).— Use NiS0 4 .7H a O. 

Nickel salts are usually bright green in color. 

121. AmJS: black precipitate (NiS); add more 
yellow AnigS, boil and filter, the filtrate will be colored 
brown by NiS dissolved in the excess of AuLjS : pour 
this filtrate into a porcelain dish and boil it for some 
time, adding distilled water, if necessary, to prevent the 
dish becoming dry ; the dissolved NiS will be precip- 
itated, and when filtered off will leave a colorless fil- 
trate. If HA is added in excess to the dark filtrate, 
the dissolved NiS is also precipitated. For the solu- 
bility of NiS see the next paragraph. 

122. HJS: black precipitate (NiS) in neutral soltu- 
tions or in solutions containing no free acid except HA 
(112) HC1 prevents the precipitation. Add to NiS0 4 
solution AmCl, AmHO in excess and then Hfi ; and 
show with this precipitate that NiS is insoluble in cold 
dilute HC1 and in HA, but is soluble when heated with 
HC1 after adding a crystal of KCIO,. 

123. KHO: light green precipitate (NiH/),). 

124. AmHO added in very small quantity gives a 
bluish green precipitate (NiH 2 2 ), which is soluble in 
excess of AmHO to a violet blue liquid and is also 
soluble in AmCl : if AmCl be first added, AmHO 
causes no precipitate. 

125. KCy solution, made by dissolving a fragment of 
the solid in water, when added in small quantity 
gives a yellowish green precipitate (NiCy,) : by the fur- 
ther addition of KCy the precipitate is dissolved, but it 
is reproduced on the addition of sufficient HC1. 

126. Acidify some NiS0 4 solution with several drops 
of HA; then add KCy solution gradually, whilst stir- 
ring or shaking the liquid, until the precipitate at first 
formed is just re-dissolved; boil this solution for 
a short time, then cool it and divide it into two 
parts : the addition of HC1 in excess to one part 
will produce a precipitate of NiCj^ often only appear- 
ing after a time: and the addition to the other part 
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of NagClgO, or of excess of NaHO and then Br- water 
until the liquid becomes yellow (Na,Br s O), will give a 
black precipitate (Ni 2 H 6 6 ) when the liquid is warmed. 

127. A mixture of finely-powdered NiS0 4 .7H 2 and Na,COs, 
when fused on charcoal on the inner blowpipe flame, leaves a 
grey powder, which is attracted by the magnet (39, 40). 

128. A borax bead containing Ni is violet or reddish 
brown after fusion in the outer blowpipe flame, and be- 
comes pale yellow on cooling ; if the bead is heated for 
some time in the inner flame, it becomes black and 
opaque. 



Cobalt (Co).— Use Co(N0 3 ) 2 .6H 2 0. 

Cobalt salts are usually reddish pink in color if hydrated, and 
blue when anhydrous. 

130. AmJS: black precipitate (CoS); on adding 
much AmjS and boiling and filtering, the filtrate is col- 
ored yellow by Am^S and is not dark-colored } since CoS, 
unlike NiS, is insoluble in Am^. For the solubility of 
CoS see the next paragraph. 

131. Hfl-' Wack precipitate (CoS), only forming in 
alkaline solutions or in solutions containing no free acid 
except HA (112); HC1 prevents the precipitation. Add 
AmCl, then AmHO in excess and then HgS to some 
Co(N0 3 ) 2 solution, and pour into separate portions of 
this liquid HC1 and HA, the precipitate does not dis- 
solve ; to the portion containing HC1 add a crystal of 
KC10 S and heat, the precipitate dissolves readily. 

132. KHO : blue precipitate (CoH 2 2 ) ; the color of 
the precipitate changes by oxidation on exposure to the 
air and when the precipitate is heated. 

133. AmHO: bluish green precipitate, having the 
same properties as that produced by KHO ; it is solu- 
ble in excess of AmHO and in AmCl, and is therefore 
not formed if AmCl is first added. 

134. Freshly-prepared KOy solution, if added in small 
quantity, gives a reddish brown precipitate (CoCy 2 ) : on 
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[185, 189. 



adding more KCy solution slowly and whilst shaking 
the liquid the precipitate dissolves, but it reappears on 
the addition of HC1. 

135. If to some 0o(NO3) 2 solution, made acid with a 
few drops of HA, KCy solution is added slowly until 
the precipitate at first formed just redissolves, and 
the liquid is boiled, then cooled and divided into three 
parts, it will be found that neither the addition 
of HC1, nor of NagClgO, nor of excess of NaHO 
solution and then Br-water till the liquid is yellow 
(Na^Bi^O), produces any precipitate on warming the 
liquid. 

This difference of behavior of Ni and Co solutions (126), 
which have been boiled with excess of KCy, is due to die 
fact that NiCy 2 forms with KCy a compound (NiCyj.^Cy) 
which is easily decomposed : whereas CoCy, forms with KCy 



139. Group IILb.— 



Tests. 



For liquida. 

1. Add Am-8 ; or better. 
AmCl, AmHO in excess, and 
HjS- water. 

2. Add KHO : 



3. Add KCy solution : 

This test need only be tried 
when a black precipitate has 
been obtained by Test No. 1. 



Blowpipe teete/or tolide. 

4. Fused with NajCO, on 
charcoal in the inner blow- 
pipe flame. 



Zn— salts. 



While precipitate: soluble in 
cold dilute HC1: insoluble 
in HA. 

White precipitate : eoUtble m 
exceee of KHO. 



ft. Borax bead : 



A white incrustation, which, 
if moistened with Co(N0 3 ), 
and heated in the outer 
flame, turns green. 

The substance itself, when 
strongly heated after hay- 
ing been moistened with 
Co(NOj)j, also becomes 
green. 



Pmk precipitate: soluble in 
cold dilute Ha : eolubU im 
HA. 

While precipitate: taming 
brown in the air : ineokMe 
in KHO. 



A grey powder. 

The substance, if fused with 
NasCO.and KNO, on plati- 
num foil in outer flame, 
givee * bluish green 



f Outer flame.— Amethft red. 
\ Inner flame.— Colorlet*. 
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the very stable compound K^CoCyg),, potassium cobalticyan- 
ide. 

136. A solid cobalt compound, when fused with Na,CO, on 
charcoal in the inner flame, yields a grey magnetic powder 
(39, 40). 

137. A borax bead when dipped into a strong solu- 
tion of CtyNO^j assumes a, fine blue color after fusion in 
either the inner or the outer blowpipe flame. This 
reaction is yielded by minute quantities of cobalt com- 
pounds. 



138. The distinction between Ni and Co in the Table 
(139) depends on the solubility of NiS in yellow Am^S, 
which is proved by a dark filtrate being obtained on 
warming with excess of yellow Am^S and filtering. 

Table op Differences. 



Ni— alte. 



Block precipitate : eohMe in boiling yellow Am^S 
to a dark eolation : insoluble in cold dilute 
Ha and in HA. 

Green precipitate: insoluble in KHO. 



Added in slight excess to the feebly add solu- 
tion and boiled for some time, then Br-water 
and excess of NaHO added, gives a black 
precipitate on heating. 



Co— salts. 



A grey magnetic powder. 



{/w~. «—~- / Motet or yellow while hot 
Outer flame. | Teaow w £ en ^ 
Inner flame. — Grey or opaque bead. 



Black precipitate : insoluble in boding yellow 
Atn^S, in cold dilute HCI, and hi HA. 



Btoe precipitate : insoluble in KHO. 



Added in slight excess to the feebly acid solu- 
tion and boiled for some time, then Br-water 
and excess of NaHO added, gires no precipi- 
tate on heating. 



A grey magnetic powder. 



Outer and inner flames. — Fine blue bead. 



106 detection of metals in group iii.b. [140,* 141. 
Separation and Detection op Metals in Group 

III.B. 

140.* The methods used depend upon — 

1. The solubility of NiS in yellow AnigS, in which 
ZnS, MnS and CoS are insoluble : NiS is then precipi- 
tated from this solution by boiling it, or by the addition 
of HA, and the presence of Ni is confirmed by fusion of 
the precipitated NiS in a borax bead. 

2. The solubility of ZnS and MnS in cold diluteHCl, 
in which NiS and CoS are almost insoluble. 

3. The solubility of ZnH 2 2 in cold KHO, in which 
MnH 2 2 is insoluble ; white ZnS is then precipitated 
from this solution by H^, and the undissolved MnH 2 2 
yields a bluish green mass when fused with Na 3 C0 3 and 
KNO s . 

4. The difference of behavior of the solution of NiCy, 
and CoCy 2 in KCy with NajC^O, or with NajBr 2 : and 
the marked difference in the color of their borax beads. 

Mn may be separated from Zn, Ni and Co by passing H,S 
into the neutral solution saturated with NaA (112): Mn alone 
remains in solution (116), the other metals being precipitated 
as sulphides. 

Another method for separating Ni and Co depends upon the 
fact that while Co is precipitated as Co x (HO)« from its solution 
by BaCO s in the presence of Br, Ni is not precipitated by this 
means and remains in solution. 

141,* A solution is examined for Zn, Mn, Co, Ni, by 
adding AmCl to it, then AmHO until it is alkaline, and 
then AmjjS until the liquid smells of it after having been 
well stirred or shaken. The liquid is then heated and 
a few drops of it are poured upon a filter: if the filtrate 
is colorless, sufficient AnijS has not been added ; more 
AnijS is then to be poured in and the filtrate again ex- 
amined. As soon as the filtrate is brown or yellow in 
color, proving that AnijS has been added in excess, the 
whole is heated and filtered and the precipitate is exam- 
ined by Table III.B (437) : the filtrate if yellow is re- 
jected ; if brown, it is examined for Ni, according to 431. 
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GROUP H.A.— COPPER GROUP. 

142. This group includes Hg", Pb, Bi, Cu, Cd. 

The compounds of these metals differ from those of 
the metals in Groups III.a, III.b, IV. and V. by 
being precipitated as sulphides by H 2 S from their acid 
solutions : they are not precipitated by HC1 or by solu- 
ble chlorides, with the exception of Pb, which in strong 
solution is partially precipitated. 

The sulphides differ from those of Group II.b by 
being insoluble both in AnijS and in KHO. If very 
much acid is present, HjS does not precipitate the mem- 
bers of this group readily or completely, unless their 
solutions are largely diluted with water. 



Mercuricum (Hg"). — Use HgCl r 

Mercury forms two series of compounds, distinguished as 
mercuric and mercurous : the metal in these two states behaves 
differently with reagents, and may be distinctively called mer- 
curicum and mercurosum : in the latter condition it is classed 
under Group I. In paragraphs 217. 218 tests are given which 
serve to distinguish these compounds. 

144. HJS: black precipitate (HgS) : if the HjS so- 
lution is added slowly, the precipitate is first white, then 
brown or orange and ultimately becomes black: these 
changes of color during the addition of H^ are charac- 
teristic of mercuric salts. 

Filter off the precipitate and wash it free from dis- 
solved chlorides, then place portions of it in three test- 
tubes : boil one of these with strong HNO a and another 
with strong HC1, the precipitate will not be dissolved 
by either of these acids : now mix the contents of the 
two tubes and warm again, the precipitate will dissolve ; 
boil the third portion with Am 2 S, the precipitate does 
not dissolve. Hence HgS is insoluble in not strong 
HNO a , in hot strong HCland in Ara^S; but it is easily 
soluble in a mixture of HN0 3 and HC1, which is known 
as aqua regia* 
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145. Snd^: white precipitate (Hg 2 Cl 2 ): if more 
SnCl 3 is added, the white precipitate becomes grey and 
consists of fine particles of Hg ; if the liquid is boiled 
and then decanted from the grey precipitate, the Hg parti- 
cles, when heated with strong HC1, unite to globules visi- 
ble through a lens and frequently even to the naked eye : 

2HgCl 2 + SnCl 2 = Hg 2 Cl 2 + SnCl 4 
Hg 2 Cl 2 + SnCl 2 = 2Hg + SnCl 4 . 

146. Cit: if a small strip of copper sheet or a copper 
coin, the surface of which has been cleansed by. rubbing 
it with sand paper, or by dipping it into strong IINOj, 
be immersed in some HgCl 2 solution, made acid with a 
drop or two of HC1, it will become coated with a grey 
film of Hg : HgCl 2 + Cu = Hg + CuCl,. 

If the surface of the Cu, after having been immersed 
for several minutes, is dried and rubbed hard with a 
cloth or piece of wash-leather, it will appear more or 
less whitened like silver, the metal Hg having formed 
an amalgam with the Cu. 

The Hg may be readily driven off by heating the Cu 
strongly ; if this heating is performed m a test-tube, or, 
better, in a small hard glass tube sealed at one end, a 
sublimate of globules of Hg will form upon the cool 
sides of the tube. 

147. Mix a little finely-powdered HgCl 2 intimately 
with about four times as much finely-powdered Na^CO^, 
which has been recently dried by strongly heating it in 
a porcelain dish. Pour this .mixture into a small test- 
tube, which has been perfectly dried by heating it in 
the flame and sucking out the moist air by a glass tube; 
then cover the mixture with a layer of Na^Oj dried by 
ignition. 

After perfectly cleansing the inside of the tube, heat 
the layer of NajCOg strongly, and whilst keeping this 
hot gradually extend the heat to the mixture : Hg will 
sublime, condensing in globules on the inside of the 
tube. Sometimes the globules are so small that the 
layer appears as a grey film, or they are few and scat- 
tered and not easily visible; they may usually be united 
into larger globules by rubbing the inside of the tube 
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with a glass rod, or the separate globules may be de- 
tected by means of a pocket lens: even very minute 
globules may be seen if they are flattened by pressing 
diem with a glass rod against the inside of the tube. 

The powder is most easily placed in the tube by alternately 
scooping it up with the mouth of the tube and tapping the 
tube so as to snake the powder to the bottom ; or by turning 
the powder out upon a piece of note-paper folded over into a 
trough and pouring it thence into the tube, holding both tube 
and paper over the watch glass so as to catch any substance 
which may fall. 

Both the inside of the tube and the powder must be perfectly 

S, else some particles obstinately adhere to the inside of the 
e and obscure the sublimate. 
The heating must never be commenced until the inside of the 
tube is perfectly clean: it is cleansed, if necessary, with a twisted 
slip of niter paper or with a wooden match. Also if any drops 
of water condense on the inside of the tube during the first 
stage of the heating, they must be removed by a twisted piece 
of filter paper ; ii, however, proper care has been taken in 
drying the powder, no moisture will condense. The escape 
of steam from the powder is very undesirable, as it is very 
likely to sweep mercury vapor out of the tube. 

148. Heat a little solid HgCl 2 in a tube closed at one 
end ; the substance sublimes in white fumes, showing 
that mercury compounds are volatile. 



Lead (Pb).— Use PbA 2 .8H a O in dilute HA. 

149. HjS: black precipitate (PbS) : this precipitate 
is often red if much hydrochloric acid is present in the 
solution, but it becomes black on diluting with water 
and passing HjS, or on adding HjS- water. Filter or 
decant and show with separate portions of the precipi- 
tate that PbS is insoluble in KHO and in AnigS, 
soluble in boiling dilute HN0 3 , and is converted by 
boiling strong HNO s into insoluble PbS0 4 . 

160. HCl: white precipitate (PbCl 2 ), forming only 
in cold and strong solutions : on boiling the precipitate 
with sufficient water it dissolves, but the PbCl 2 sepa- 
rates again in beautiful crystals when the hot solution is 
slowly cooled. 

161. HJ$0 A : white precipitate (PbS0 4 ): this precipitate 
11 
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is much less soluble in dilute HjSOj than in water, 
hence HgSC^ should be added in excess to a pretty 
strong solution : pour off into two test-tubes and let the 
liquid stand; decant the liquid from the precipitate, 
and show thatjhe precipitate may be dissolved by pour- 
ing upon it HA, or, better, H 2 T solution, then _AmHO 
in excess and boiling; show also that it dissolves in 
boiling strong HC1. 

152. K 2 OrO i} or KiCr^O?: yellow precipitate 
(PbCr0 4 ) ; pour off into two tubes, and show that thr 
precipitate is soluble in KHO, but insoluble in HA. 

153. Mix some powdered PbA 2 .3H 2 with about 
twice as much Na^C^ in a cavity on a piece of char- 
coal, and heat the mixture in the inner blowpipe flame ; 
a yellow incrustation will form around the cavity and 
small lustrous globules of Pb will be seen within it. 
The incrustation is readily removed when heated in the 
inner blowpipe flame and colors the flame azure blue. 

Detach one of the globules with the point of a knife, 
place it on the bottom of a mortar turned upside down, 
and give it a smart blow with the pestle ; it flattens out 
without breaking into powder, showing that Pb is mal- 
leable and not brittle. If one of the globules be fixed 
upon the point of a penknife, it will be found by gentle 
friction on paper to mark it as a black-lead pencil does. 



Bismuth (Bi).— Use Bi (N0 3 ) 3 .5H 2 in dilute HC1. 

154. H^: brownish black precipitate (BijSj) : 

2Bi(N0 3 ) 3 + 3H2S = Bi& + 6HNO a . 

Decant most of the water ; then pour some of the precip- 
itate into three test-tubes, and show that it is insoluble 
in AnijjS and in KHO, but soluble in strong HN0 3 . 

155. AmllO, or KHO: white precipitate (BiH 3 3 ) ; 
pour off a small quantity of the liquid and precipitate 
into a tube, add much AmHOand warm, the precipitate 
is undissolved ; filter off the rest of the precipitate and 
keep it for the following reaction. 
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166. H 2 0: pour a few drops of boiling dilute HC1 
upon the precipitate iu the filter left from the last re- 
action, and allow the acid solution to drop from the 
funnel into a large quantity of distilled water; sunilkiness 
appears, due to the formation of BiOCl : this precipitate 
may also be obtained by letting the original bismuth 
solution drop into much water : — BiCl 3 + H 2 0= BiOCl + 
2HC1. . 

Pour a little of the milky liquid into two test-tubes ; 
add to one portion a little strong HC1 and warm it, the 
precipitate dissolves ; to the other portion add H 3 T and 
warm, the inilkiness remains, differing in this way from 
that caused by SbOCl. 

If but little Bi is present, this milkiness often appears 
only after stirring and letting the liquid stand for five 
or ten minutes. 

157. K % OrO^ or K 2 0r 2 7 , added after strong NaA 

solution gives a yellow flocculent precipitate of Bi^ 

(Cr0 4 ) 3 : add KHO, the precipitate does not dissolve, 

differing in this way from PbCr0 4 ; it dissolves, however, 

completely in HC1 or HNO a added in excess. 

The addition of NaA is necessary because bismuth chromate 
is soluble in HOI ; the free HC1 in the solutions is thus replaced 
by HA. in.which the precipitate is insoluble : — NaA 4- HC1 = 
NaCl + HA. 

168. HflOt ; no precipitate : difference from Pb. 

159. Heat a mixture of powdered Bi(NO s ) s and 
NaaCOj on charcoal in the inner blowpipe flame ; an 
incrustation will be obtained which is orange red whilst 
hot and yellow when cold : also white globules of Bi will 
be seen, which are very brittle and easily crushed to 
powder by a sharp blow with the pestle. 

Copper (Cu).— Use CuS0 4 .5H 2 0. 

Two classes of copper salts are known. Cupric salts are usually 
blue, but sometimes green ; their color commonly becomes very 
pale or disappears when the salts are thoroughly freed from 
water of crystallization. Cuprous salts are usually white. 

Cuprous oxide is red, and cupric oxide black. 

160. HjS: brownish black precipitate (CuS) ; filter, 
keeping the funnel carefully covered with a glass plate, 
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as air quickly oxidizes CuS to CuS0 4 and this dissolves 
and runs through with the filtrate. Place some of the 
precipitate in five test-tubes and show that it is insoluble 
in KHO, in Am^3 and in boiling dilute HjSO^ but dis- 
solves in boiling HN0 3 and in KCy solution. 

161. AmHO, if added in a diluted state and in very 
small quantity, gives a greenish blue precipitate ; if more 
AmHO is added, this precipitate dissolves, yielding an 
intensely blue liquid, which contains cuprammonium 
sulphate (N 2 CuAra 4 H 2 )S0 4 ; the solution Incomes light 
blue again when an acid is added in excess. 

162. HJSO+ : no precipitate : difference from Pb. 

163. K 4 FeOy 6 : reddish brown precipitate (CiijFeCy^, 
insoluble in HA ; the color is best seen when the re- 
action is tried in a white porcelain dish. In a very dilute 
solution only a reddish color is seen. 

164. Fe : if a bright piece of steel or iron, such as the 
blade of a penknife, which has been freed from grease 
by rubbing it with sand paper or by boiling it in a little 
dilute KHO, is dipped into CuS0 4 solution made acid 
with a few drops of HjSO^ it will be gradually covered 
with a red film of Cu. 

165. Zrt and Pt: if a piece of Zn be placed upon 
platinum foil or wire in 0uSO 4 solution contained in a 
porcelain dish or watch glass, it causes a red film of Cu 
to deposit on the platinum : the CuS0 4 solution should 
be acidified with a few drops of H^C^. 

166. If finely-powdered CuS0 4 .5H 2 and Na.CO,, are 

mixed in a cavity on charcoal and heated in the inner 
blowpipe flame, red scales of Cu are obtained ; these are 
best seen after they have been washed (40). 

167. A borax bead containing Cu is green while 
hot and blue when cold after having been fused 
in the outer blowpipe flame ; fusion in the inner 
flame causes it to become red or colorlesx, but only 
when very little Cu is present and the bead is long 
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heated in a good reducing flame : the addition of a frag- 
ment of Zn or Sn aids this change. 

168. Flame coloration. — If a loop of platinum wire 
is dipped into CuS0 4 solution and held in the inner 
blowpipe flame, or in the Bunsen flame, it gives a green 
coloration ; the flame shows a blue centre after the loop 
has been moistened with HC1, or if CuCl 2 solution was 
originally used. 



Cadmium (Cd).— Use CdS0 4 .4H 2 0. 

169. H£: bright yellow precipitate (CdS): boil off 
the HgS and pour the liquid containing the precipitate 
into five tubes ; show with these separate portions that 
the precipitate is insoluble in AmgS, inKHO and in KCy 
solution, but soluble in boiling dilute HNO s and in 
boiling dilute HjSC^ : dilute the HaSO^ solution with 
much water and pass HjS for a short time, yellow CdS 
is reprecipitated. 

170. AmHO } if added in a very diluted state and in 
small quantity, gives a white precipitate (CdH 2 2 ) ; on 
adding more AmHO the precipitate readily dissolves. 

171. HJSO4: no precipitate : difference from Pb. 

172. If powdered CdS0 4 is mixed with NaaCO s in a 
cavity on charcoal and heated in the inner blowpipe 
flame, it gives a brown incrustation. 
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GROUP II.A TABLE OF DIFFERENCES. [178-176.* 





173. Group I La. — 




Testa. 


Hg— emits. 


Pb— salts. 




For liquid*. 

1. Fmb HgS, or add HgS 
water: 

2. AddHj80 4 : 
S. AddAmHO: 


Binds precipitate ; when fll- 
I tered and well washed, in- 
soluble in boiling strong 
HNO3, and unchanged by it. 


Black precipitate ; almost 
insoluble iu boiling strong 
HNOs, changed by it into 
wkiU PbS0 4 . 

White precipitate. 

WkiU precipitate, insoluble 
in excess. 


 


While precipitate, insoluble in 
excess. 




Blowpipe reaction* for 
tolide. 
4. Heated with Na,COa on 
charcoal In the inner 
blowpipe flame : 




Yellow incrustation ; white 
maUeablt globules. 




Test for Hg by 147. 





Separation and Detection op Metals in Group 

ILa. 

175.* This separation depends upon the following 
differences : — 

1. The solubility of BijS,, CuS and CdS in strong 
boiling HNO s , in which HgS and PbS are insoluble and 
remain as HgS and PbS0 4 respectively^ 

2. The solubility of PbS0 4 in H 2 T and excess of 
AmHO in which HgS is insoluble. 

3. The solubility of CuH 2 2 and CdHA, and the 
insolubility of BiH 3 O s in excess of AmHO. 

4. The solubility of CdS and insolubility of CuS in 
boiling dilute HjSO,. The insolubility of CdS in KCy 
solution, in which CuS easily dissolves, furnishes another 
means of separation. 

The presence of each metal is then confirmed by some 
special test. 
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Table op Differences. 



Bi— salts. 



Black precipitate ; soluble 
in boiling strung NHOj, 
to form a colorless solu- 
tion. 



White precipitate, insoluble 

in excess. 
Confirm by 166. 



Orange red incrustation ; 
white briitU globules. 



Cu— salts. 



Black precipitate; soluble in 
boiling concentrated HNO s 
to form a blue solution ; 
insoluble in boiling dilute 
H 2 S0 4 . 



Bbu precipitate, easily sol- 
uble in excess to a deep 
blue liquid. 



No incrustation ; red metallic 
Confirm by 167, 168. 



Od— salts. 



Yellow precipitate ; soluble 
in boiling HNOg, and in 
boiling dilute 113804. 



White precipitate, easily sol- 
uble in excess. 



Brown incrustation ; no glob- 
ules. 



176.* A solution which may contain the metals of 
Orowp II.A is first made acid, if not already so, with a 
little HC1 ; whether the liquid is clear or not, HjS is 
then passed in a rapid stream through it for about five 
minutes ; the precipitate is filtered off; the clear filtrate 
is either mixed with H 2 S-water, or it is diluted with a 
little water and H2S is passed through it again for a 
short time, to ascertain whether the metals have been 
completely precipitated : if no further precipitate is pro- 
duced, the filtrate may be rejected; but in case HgS 
causes further precipitation, the gas must be passed for 
some time longer and the liquid poured again through 
the filter, the filtrate being rejected only when HaS no 
longer produces any precipitate in it ; the precipitate is 
then examined by Table II. (435), commencing at 
Group II.A (Copper Group), and using only the left- 
hand side of the Table. 
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GROUP H.B.— AESENIC GROUP. 

177. This group includes As, Sb, Sn, Au, Pt 

Its members differ from those of Groups III.a, III.b, 
IV. and V. by being precipitated as sulphides by HjS 
from a solution made acid with HC1 ; they differ from 
those of Group I. by not being precipitated by HC1. 

The sulphides of this Group differ from those of 
Group II.A by being soluble in AmjS and in KHO. 

178. Each metal of this group forms two series of 
compounds, which resemble each other in many reac- 
tions, but also present certain differences. The two 
classes are distinguished conveniently by the termina- 
tions -ic and -ova; thus we speak of arsenic and arseniou* 
acid. 



Arsenic (As). 

Use for an arsenious compound As^O^, dissolved in 
boiling water; and for an arsenic compound NajHAsO^.- 
12H 2 dissolved in water. 

The tests described in paragraphs 179-186 give the same 
ultimate result with both arseniotu and arsentc compounds: 
as a rule, however, the reaction proceeds slowly with arsenic 
compounds, since its first stage consists in their conversion 
into arsenious compounds. 

Arsenic compounds are converted into arseniotu by boiling 
them with H^Og, strong HC1, or other reducing agents; arsen- 
\ou8 compounds are oxidized into arsenic compounds by being 
heated with HN0 3 , or with other oxidizing agents. 

179. HaS produces in neutral solutions of arsenious 
compounds only a yellow coloration ; but if the solution 
is acidified with a few drops of HC1, a light yellow floo- 
culent precipitate (As^) forms immediately even in the 
cold. 

Filter off sonic of the AsjS, and show that it is insol- 
uble in boiling strong IIC1. If some of the rest of the 
liquid containing the precipitate be poured into two test- 
tuoes, the gradual addition of KHO or of Am^S will 
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completely dissolve the Asj$ Sf which is reprecipitated, 
however, on the addition of HC1 in excess. 

In cold acidified solutions of arsenic compounds HjS 
produces no precipitate ; but if strong HC1 is added and 
the solution is boiled, H*S causes in the boiling solution 
first a precipitate of white 8 and then of yellow AsSy 

The complete precipitation of arsenic solutions by H 2 S 
is most rapidly effected by first adding H2SO3 to the 
boiling solution until it smells persistently of 80 2 , then 
boiling until SO a is no longer smelt ; the arsenious com- 
pound thus produced is readily and completely pre- 
cipitated by H2S in the cold solution. 

180. Reimch'8 test — Several narrow strips of sheet 
copper are cleansed with sand paper, or by dipping them 
into strong HNO a ; they are then boiled in the arsenious 
solution, which has been previously acidified by dilute 
HC1 ; the surface of the copper will soon be coated with 
a dark grey film of As2Cu 6 . 

The strips are carefully removed, rinsed, gently pressed 
between filter paper, and then dried by heating them in 
the steam oven or by holding them between the finger and 
thumb in the flame ; they are then gradually heated over a 
very small flame in a hot and 
dry test-tube ; a sublimate of 
AS2O3 will form, which will be 
crystalline and sparkling if mois- 
ture was entirely absent and the 
sublimation was effected very 
slowly while the sides of the 
tube were hot ; these crystals, if 
examined under the microscope, 
are seen to be transparent, color- 
less, regular octahedra and 
tetrahedra (Fig. 40), and their 
formation under the above conditions is a most valuable 
confirmation of the presence of As. 

If the sublimate is white and non-crystalline it may be 
dissolved in a little boiling water, and the presence of As 
confirmed by applying tests 179, 187 to the solution. 



Fig. 40. 
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The presence of As in the grey deposit should always 
be confirmed by one of the above methods, since other 
metals may be deposited as grey films on the Cu. 

This test serves to detect arsenic compounds after their 
solutions have been reduced by being mixed with strong 
HC1 or H£0* and boiled. 

The following tests (181-184), which depend on the formation 
of very poisonous AsH„ gas, should be performed in a cupboard 
provided with good draught or in the open air. 

181. Sojmmn'a test.— Pour dilute HC1 upon some Zn 
n in a small hydrogen 

flask fitted as is shown 
in Fig. 41. The hy- 
drogen as it escapes 
bubbles through solu- 
tion oflead acetate con- 
tained is the second 
flask, and is thus freed 
from any ETJ3 with 
which it might possibly 
have been mixed; it is 
then allowed to bubble 
through AgNO s solu- 
tion contained in a test-tube: if the Zn and acid are free 
from As, as they should be, no precipitate or color is 
produced by the gas in the AgNO s solution. 

If o little Asj0 3 solution is now poured down the fun- 
nel into the hydrogen flask, a black precipitate of Ag will 
begin to form in the AgXO, solution ; this is produced 
by the AsH, which is formed by the action of the nascent 
hydrogen upon the As,0,:— As,0,+ l2H = 2AsH,+ 
3H.O. 

The AsH, on passing into the AgNO, solution reacts 
thus: 

AsH s + 6 AgNO,+ 3H a O = 6 Ag + HjAsO, + 6HNO,- 
Hence Ag is precipitated and H 3 AbOj remains in solution. 
As soon as a copious precipitate has been obtained, the 
test-tube ia removed. It will Ite Ix*t to set aside the test- 
tube with its contents to be examined afterward, and to 
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proceed at once to use the gas, while it is being briskly 
evolved, for reactions 182, 183. 

The liquid in the test-tube is filtered, the precipitate 
rejected, and several drops of AgNO a solution are added 
to the clear filtrate. Some very dilute AmHO is made 
by pouring several drops of AmHO solution into a test- 
tube, then nearly filling up with distilled water and in- 
verting the tube. On mixing this drop by drop with 
the filtrate, a light yellow precipitate (Ag 3 AsO s or Agg- 
H AsO s ) will be obtained. The formation of this pre- 
cipitate on the addition of AmHO is explained by the 
fact that H 3 AsO s is in the solution in the presence of 
AgNO a and also of HNO a , as is seen by the last equa- 
tion ; now AgN0 3 forms with H 3 AsO s a yellow precip- 
itate if no free acid is present in the liquid (187) ; hence 
on neutralizing with AmHO the free HNO s which is 
already present, as well as that formed by the action of 
AgN(3 3 on H 3 As0 3 , the precipitate appears : 

H 8 AsO s + 3AgN0 3 -f 3AmHO = Ag 8 AsO, + 3AmN0 8 + 3H,0. 

This precipitate is also readily soluble in AmHO ; hence 
it is necessary to use very dilute AmHO and to add it 
gradually in order to avoid excess. 

182. Marsh's test — Disconnect the flasks and slip into 
the india-rubber joint a tube of hard glass about four 
inches in length, support- FlG ^ 

ing it on a ring of a retort 
stand (Fig. 42); then pour 
in through the funnel tube 
a little strong HC1. 

If the experiment is 
performed as is here di- 
rected, the H will have 
been evolved for some time 
and will have expelled all 
air from the flask, there- 
fore there will be no risk 
of an explosion occurring when the gas is lighted ; 
but if the H is being produced for the first time, 
or the flask has been opened or recharged, allow the 
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gas to escape briskly for four or five minutes ; then 
ascertain that a test-tube full of it burns quietly before 
adding the liquid to be tested for As and lighting the 
gas at the jet. In any case it is well to cover the flask 
with a cloth before kindling the hydrogen (16). 

On lighting the gas, its flame will be seen to differ 
from that of pure H by its livid blue color and by 
giving off white fumes of AsjO s . If these appearances 
are not noticeable, a little more AS2O3 solution must be 
poured into the flask through the funnel tube. 

Press down upon the flame the inside of a porcelain 
crucible lid or of a porcelain crucible or dish ; a dusky 
black film of As will be deposited upon the cool sur- 
face; pour upon this some freshly-made solution of 
CaCl 2 0, the stain will be rapidly dissolved. 

Also warm a stain of As inside a porcelain dish with 
AnigS, it will dissolve and the solution will leave yellow 
AS2S3 when it is slowly evaporated. 

183. Add a little more strong HC1, if necessary, to 
cause the gas to come off rapidly ; light it at the jet and 
heat a point near the middle of the tube strongly (Fig. 
42) ; a black mirror of As will form just beyond the part 
heated by the flame ; the flame burning at the jet will 
meanwhile become colorless, showing that the arsenic 
has been removed from the hydrogen. Heat another 
point in the tube so as to produce a second mirror ; then 
divide the tube between the mirrors, and dissolve one 
mirror when cold by warming it with some fresh solu- 
tion of CaCl 2 in a test-tube. Heat the other mirror 
gently in a test-tube held obliquely in the flame ; a crys- 
talline sublimate of As^ will be obtained (Fig. 40). 
Dissolve the sublimate when cool in a little hot 
water and confirm the presence of As by reactions 179, 
187. 

183a. AsH 3 produces a characteristic color with HgClj 
solution. Remove the cork from the larger flask and 
push a plug of cotton wool into its neck to stop any 
spurting from the liquid in the flask; then cover the 
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mouth of the flask with a small piece of filter paper 
moistened with HgCl 2 solution, the paper will become 
colored first yellow, then brown. If paper moistened 
with AgNO s solution be substituted, it is blackened. 

184. Fleitmann's teat. — Boil some pieces of Zn in 
KHO solution, H will be evolved which is free from 
odor ; if a little As. 2 3 solution is now added and the 
liquid is again boiled, a garlic odor will be perceptible 
owing to the evolution of AsH s : — 

/ Zn + 2KHO=H 2 +ZnK 2 2 . 
\ AsA + 12H=2AsH s + 3H 2 0. 

If a small piece of filter paper moistened with AgNO a 
solution is placed on the mouth of the tube whilst the 
liquid is being boiled, it will be stained black by the 
separation of Ag(181). 

This reaction does not succeed with arsenic compounds 
unless they have been reduced by being boiled with 
strong HC1 or with H-jSOs. 

Sb compounds do not give this result, the test therefore 
distinguishes between As and Sb. 

185. Mix any solid substance containing As, which 
has been finely powdered and thoroughly dried in the 
steam oven, intimately in a mortar with about four times 
as much of a mixture of KCy and freshly-ignited 
Na^OOj; heat this mixture in a little bulb-tube of hard 
glass (Fig. 43), or in a small test-tube about three inches 

Fig. 43. 




in length, observing the precautions stated in the note 
under 147 : a black mirror of As will form in the cooler 
part of the tube and frequently a smell of garlic may be 
detected at the mouth of the tube. 
12 
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If the bulb is cut off and the mirror is gently heated 
in a test-tube, it will be converted into a white sublim- 
ate of AsjOj or into transparent octahedral crystals of 
this oxide (Fig. 40). 

186. If any solid substance containing As is mixed 
with NaaCC^ and the mixture is heated on charcoal in 
the inner blowpipe flame, a smell of garlic will be 
noticed when the charcoal is removed from the flame ; 
also the flame will be colored livid blue, unless this tint is 
overpowered by the yellow sodium coloration. 

186#. If a little solid AS2O3 is heated in a small ig- 
nition tube, it will be readily sublimed ; if the AsaOj is 
perfectly dry, and is sublimed very slowly after the 
upper part of the tube has been first heated in the flame, 
the sublimate will sparkle and on examination under the 
microscope it will be seen to consist of octahedral crys- 
tals (Fig. 40). 
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Distinctive Tests fob Arseniobs and Absenio Compounds. 



Reagent. 



187. AgNO» 
several drops 
are added. 



188. OuSO v 
several drops : 



189. CuSO v 
two drops : 
then EHO 
added: 



190. AmCl, 
AmHO, and 
MgSO l : 



Amnion* compound. 
Uae AujOa dissolved in H^O. 



Light yellow precipitate, 
(Ag 2 HAsO ? or Ag,As0 8 ) : 
this precipitate forms only 
on adding carefully, drop 
by drop, a little dilute 
AmHO : * show that it is 
dissolved by AmHO and 
by HNO,. It is also 
appreciably soluble in 
AmNO,: hence, if too 
much AmHO has been 
added, the precipitate does 
not always form on neu- 
tralizing with HNO,. 
Yellowish green precipitate 
(Cu // HAsO,): this precip- 
itate forms only on adding 
dilute AmHO carefully, 
drop by drop: show 
that it is soluble in 
AmHO and in HNO s . 
The above yellowish green 
precipitate is first pro- 
duced, but on addition of 
more KHO this dissolves 
to a clear blue liquid, 
which on being boiled 
deposits red Cu,0. 
No precipitate. 



Arsenic compound. 

Use No s HAsO 4 .12H s 

dissolved in HjO. 



Brown precipitate, 
(Ag,As0 4 ) : show 
that it is soluble 
in AmHO and in 
HNO,. 



Pale green precipitate 
(CuHAsOJ: soluble 
in AmHO and in 
HNO.. 



No clear blue solution 
is obtained, and no 
Cu.O is produced on 
boiling the liquid. 



White crystalline pre- 
cipitate (MgAm As0 4 ): 
if filtered off and 
moistened with 

AgNO, solution on 
the filter it becomes 
brown. 



* AstOs when dissolved in water yields HsAsO,, which cannot give 
with AgNOs the Ag,AsOt precipitate because this decomposition would 
liberate HNO„ in which AgbAsOs is soluble; hence the addition of 
AmHO is necessary to neutralize the free acid ; but since the precipi- 
tate is also soluble in AmHO, the latter must be added carefully in 
only just sufficient quantity to neutralize the acid. This is best effected 
by using some very dilute AmHO, made by pouring a few drops into a 
test-tube, filling the tube two-thirds with distilled water, then closing 
it with the thumb, and inverting it for a moment. The dilute AmHO 
is to be added drop by drop, shaking or stirring the test solution after 
each addition until the precipitate is obtained. 
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Antimony (Sb).— Use 8bCl 3 in dilute HC1. 

Antimonicand Antimoniow compounds give results ultimately 
identical in the following reactions (191-198), with the exception 
of 192. After these reactions, which are common to Sb in 
both its sets of compounds, two are given which are distinctive. 

191. HJS: orange red precipitate (SbjSs) : pour off into 
three tubes, and show that the precipitate is dissolved 
when it is warmed with pure KHO or with Am,S, but is 
reprecipitated from these solutions on the addition of HC1 
in excess : also that it is soluble in boiling strong HC1. 

192. If poured into much water, SbCl 3 solution yields 
a white precipitate or turbidity (SbOCl) : this precipitate 
redissolves on adding _HC1 and warming, and is also 
readily soluble in H 2 T ; in this latter respect it differs 
from the similarly formed BiOCl precipitate (156). 

193. If the acid SbCl 3 solution is poured upon some 
platinum foil in a porcelain dish and a piece of Zn 
is dropped upon the foil, the platinum will be rapidly 
coated with a black deposit of Sb. If the foil is rinsed 
with water and then boiled with HC1, the stain remains 
undissolved, but it is rapidly removed by boiling HNO s . 

Sb may be detected by the evolution of SbH s when a solution 
containing it is poured into a hydrogen apparatus, as is directed 
in 181 for an arsenic solution ; this gas differs from AsH s by 
being free from smell and from poisonous properties. 

194. If SbH 3 is passed into AgN0 3 solution (181), it 
produces a black precipitate (SbAg s ) : — 

SbH, + 3AgN0 3 =SbAg s + 3HNO a . 

Filter off this precipitate and reject the filtrate, which 
will contain no Sb : wash the precipitate four or five times 
with boiling water upon the filter : then pour upon it 
boiling dilute H,T solution, which will dissolve the Sb; 
receive the liquid in a test-tube; boil it, and pour it once 
more upon the filter; add HC1 to the liquid, filter, if 
necessary, from AgCl and pass US into the acid solu- 
tion, orange red Sb^Sa will be precipitated. 

195. A stain produced by Sb on porcelain in the manner 
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already described in 182 differs from the As stain by 
presenting a dead surface and by being insoluble in 
CaCl 2 solution ; also when the stain is dissolved by 
warming it with AuigS, the solution, if evaporated by a 
gentle heat, leaves orange red SbjSj. 

196. The Sb mirror, obtained as is described in 183, 
differs from the As mirror by being formed much 
nearer to the flame and on both sides of the heated part 
of the tube, owing to Sb being less volatile than As ; 
it may further be distinguished by the test given in 195. 
This mirror, if oxidized by sublimation, is also insolu- 
ble in boiling water : if it is then dissolved in a little 
boiling HC1, the solution gives an orange red precipi- 
tate (SbjSj) when H^S is passed into it, whereas the 
A^Oj solution gives yellow Asj S 3 . 

196a. SbH 3 acting on filter paper moistened with 
HgCl 2 solution, as is described in 183a, yields a greyish 
brown stain. 

197. If a solution containing Sb is boiled with Zn 
and KHO, it does not evolve SbH 3 ; hence the escaping 
hydrogen does not stain paper moistened with AgNO s 
solution (184). This test distinguishes As from Sb. 

198. If a little solid substance containing Sb is 
mixed in a cavity on wood charcoal with NajCOj and 
KCy and the mixture is heated in the inner blowpipe 
flame, a white incrustation forms on the charcoal and 
white globules of metallic Sb are obtained which are 
extremely brittle. The flame is seen to be colored pale 
green, unless this tint is concealed by the yellow sodium 
coloration. When the melted Sb is withdrawn from the 
flame, each globule emits a white smoke and coats it- 
self with sharp white crystals of Sb 2 O s . 

The two distinctive tests (199, 200) for antimonious 
and antimonic compounds given in the following Table 
are seldom used ; they may be read through without 
trying the reactions, and may be referred to hereafter 
if required for analytical purposes. 

12* 
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Distinctive Tests fob Antimonioeb and Antmonic 

Compounds: 



Reagent. 


Antimonto**. 

Use the above solution of 

SbCl« in dilate Ha. 


Antimonfc. 
Use KjSbjO, solution, ob- 
tained by boiling some 
"Potassium metantimo- 
nate" with HjO. 


199. Add excels of 
KHO, then AgNOs 
solution : 

200. Addexcenof 
HC1 and warm; 
then pour in a 
little KI eolation : 


A dark-colored precipitate 
which when shaken after 
addition of AmUO leaves 
black Ag40 undissolved. 

No iodine is set free ; proved 
by the liquid not turning 
brown and giving no color 
after being cooled and mixed 
with freshly-prepared starch 
solution. 


A brown precipitate, which 
dissolves entirely on ad- 
dition of AmHO. 

Iodine is liberated, giving a 
brown color to the liquid 
and yielding a deep blue 
color when starch solu- 
tion is added to the cold 
liquid. 



Tin (Sn). — Stannosum and Stannicum. 

Distinctive Reactions fob Stannous and Stannic; 

Compounds. 



Test 



201. PusHjS: 



209. HgCl,: 



908. AuCV 
added after a 
drop of Br- 
water : 



Stannous. 

Use SnCL^HjO dissolved in 

dilute HQ. 



Dark brown precipitate,* 
(SnS): soluble in KHO 
and in yellow AmJS on 
heating ; reprecipitated 
by HC1, from the KHO 
solution as brown tinS, 
from the AmJS solution 
as yellow SnS r SnS 
is insoluble in colorless 
AmJS. 



White precipitate (Hg,Cl«) : 
turns grey on being boiled 
if the SnCli is in excess 
(145). 

Purple or dark brown preci- 
pitate of " Purple of Cas- 



Stannfc. 
8nCl4 in dilute HCL 



S1UB. 



•» 



Yellow precipitate,* 
(SnS,), often form- 
ing only when the 
liquid is heated ; 
soluble in AmJS 
(both yellow and 
colorless) and in 
KHO on heating, 
reprecipitated by 
HC1 as yellow SnS, 
from both solu- 
tions. 

• 

No precipitate. 






No precipitate. 



•Both SnS and SnSt are readily soluble in boiling HC1. 
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The following reactions give ultimately the same re- 
sults with both stannous and stannic compounds : 

204. Zn when immersed in an Sn solution which 
has been acidified with HC1 becomes coated with a 
spongy mass of Sn : the Zn should be allowed to remain 
for some time in the solution in a small porcelain dish ; 
the action is much hastened by gentle heat. If the Zn 
rests on platinum foil the Sn is deposited in a spongy 
state on the Zn and does not stain the Pt black, differing 
in this way from Sb. The deposition of Sn from SnCl 2 
is much more rapid than from SnCl 4 . Sn is often pre- 
cipitated in this reaction in beautiful crystals. 

The deposit of Sn may be nibbed and washed off the 
Zn in a porcelain dish, rinsed into a test-tube, and dis- 
solved in a little boiling strong HC1; it will yield with 
HgCl 2 solution a white precipitate of Hg 2 Cl 2 (202). 
This reaction depends upon the presence of SnCl 2 in the 
acid solution, and this is converted by exposure to the 
air into SnCl 4 . 

205. If any solid compound containing Sn be mixed 
with powdered NaaCOj and KCy and heated on charcoal 
in the inner blowpipe flame, a slight white incrustation 
will be obtained, together with white particles of metallic 
Sn which are with difficulty fused into globules. The 
globules of Sn are malleable, but differ from those of 
Pb by their greater hardness, which prevents them from 
marking paper (153). 



Gold (Au). — Use AuCl 3 solution : note its light yellow color. 

8nCl ry containing a little SnCl 4 : purple or dark brown precipi- 
tate of Purple of Qissius, which is best seen when the test is 
made in a white porcelain dish. 

FeSOt produces either at once, or on heating the solution, a 
very finely -divided precipitate of Au : the liquid usually ap- 
pears bluish by transmitted light and is always copper red and 
turbid by reflected light : — 2AuCl 3 + 6FeS0 4 = 2Au + 2Fe, 
(S0 4 ),+ Fe,Cl 6 . 

IZtSOi produces on boiling a similar precipitate of Au: by 
boiling the liquid for some time in a porcelain dish the Au 
settles in small black masses and the solution loses its color. 
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Platinum (Pt). — Use PtCl* solution : note its reddish yel- 
low color. 

Am CI added to a strong solution produces on standing for 
some time, or more quickly on being stirred, a yellow precipi- 
tate (Am,PtCl 6 ), which is soluble in much hot water. 

SnCl t gives a reddish brown color (PtCl 2 ) in the solution 
acidified with HC1 :— PtCl 4 + SnCl t =PtCl,+SnCl 4 . 

The method of separating and detecting Au and Pt is fully 
stated in paragraphs 472-474. 



206. Group II.b. — Table of Differences. 

The following tests answer for these metals in both sets of com- 
pounds : for further distinctive tests see the preceding reactions. 

No. 3 maybe omitted, unless decisive results have not been 
obtained by 1 and 2. 



Testa. 


As. 


8b. 

i 


So. 


For liquids. 








1. Paw IIjS Into 


| Yellow precipi- 


Orange red preci- 


Brown pre- 


the solution 


tate, insoluble 


pitate, soluble 


cipitate with 


acidified with 


in boiling 


in boiling 


stannous: 


HOI and heat; 


strong HC1. 


strong Ha. 


Yellow pre- 


if no precipi- 


Arsenic com- 




cipitate with 


tate forms, heat 


pounds give 


* 


stannic: 


to boiling, and 


this precipitate 




Both soluble in 


again pats HgS: 


only on boil- 




boiling strong 




ing : arsenic** 




HCL 




in the cold. 






2. Zn and HC1 on 


AsH 3 evolved, no 


Black stain of 


Sn deposited on 


platinum : 


ttain on the 


8b on the plat- 


the sine, no 




platinum. 


inum. 


%SLJ" "* 


3. Zn and HC1 : 


A$H t gas is 


SbH s gas is 


Sn Is deposited on 




evolved, which 


evolved, which 


the Zn strips: 




if passed into 


if passed into 


and if dissolved 




AgNOg solution 


AgXOj, solution 


in boiling Hd 




gives a black 


gives a precipi- 


gives a white 




precipitate of 
Ag, H.AsOa be- 
ing left in solu- 


tate of Ag***!), 


precipitate on 




from which hot 


addition of 




H 3 f solution 


HgClf 




tion ; on adding 


dissolves 8b ; 






dilute AmHO 


H r S gives in 
this solution, 






to this solu- 






tion, yellow 


after adding 






AgsAsO> is pre- 
cipitated. 


HCl, orange- 






red SbgSs. 




Foreolide. 








4. Heat with 


So metallic glob- 
ules; smell of 


Brittle metallic ' 


Malleable metal- 


Na,C0 3 and 


globules, white 
incrustation. ; 


lic globules, , 


KCy on char- 
coal in the 


garlic 


white incrusta- 


Confirm by heat- 




tion. 


inner blowpipe 


ing same mix- 


1 




flame. 


ture in an 
ignition tube 








(186). 


. 
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Separation and Detection op Metals in Group ILb. 

Several methods have been proposed for the separa- 
tion and detection of As, 8b and Sn, when they are 
mixed ; the most trustworthy are those introduced by 
Hofmann (208) and by Fresenius (210); but a method 
which is more simple and can be much more rapidly 
carried out is described in 209. 

207.* From a solution which may contain As, 8b and 
Sn, these metals are first precipitated as sulphides by 
passing H^ into the acidified solution ; after filtering 
off the sulphides, the filtrate is again tested by passing 
HJS through it and warming, in order to see whether 
the precipitation has been complete. When no further 
precipitation is produced by H^, the precipitate is ex- 
amined by 208, 209 or 210. 

208.* Hofmann 9 8 method consists in pouring the so- 
lution of the metals into a flask, in which H is being 
generated by the action of HC1 upon Zn ; Sn will re- 
main as a spongy mass on the Zn, while As and Sb will 
be evolved as AsH 3 and SbH 3 ; these two gases are 
passed into AgNO a solution and yield soluble H 3 AsO s 
and insoluble Ag 3 Sb, which are separated by filtration ; 
after the three members of this group have been thus 
separated, they are detected by the special tests already 
described, which are tabulated in 435 6. 

209.* The following method of examining a precip- 
itate, which may contain the sulphides of As, Sb, Sn 
(207), is simple and expeditious, and is sufficiently ac- 
curate when traces of these metals have not to be 
looked for. 

It depends upon the insolubility of As^ in hot, 
strong HC1, in which SnS, SnSg and Sbji 3 are soluble; 
the further separation of Sb and Sn is effected either by 
adding Zn alone to the acid solution, when Sb is evolved 
as SbH 3 and Sn is deposited upon the Zn ; or by add- 
ing Zn and Pt, when Sn is deposited on the Zn and Sb 
on the Pt. 

The precipitate produced by i?^S (207) is filtered off 
and allowed to drain for some time upon the filter in 
the funnel ; it is best to drain it still further by care- 
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fully taking the filter out of the funnel, opening it out, 
and spreading it upon a piece of filter paper folded sev- 
eral times, or upon a pile of three or four cut filter pa- 
pers. The precipitate is then removed to a small porce- 
lain dish and heated for some time nearly to boiling with 
strong fuming HC1; the liquid is cooled and filtered: — 



The residue will 
consist chiefly of 
AsiSs, which is 
almost insoluble 
in strong HC1. 

Dry the washed res- 
idue on the filter 
at a gentle heat, 
then mix it with 
three or four times 
as much powdered 
KCy and NasCOs, 
and heat the mix- 
ture in a small 
bulb-tube, remov- 
ing any drops of 
water inside the 
tube by a twisted 
piece of filter 
paper ; a black 
mirror (185) : — 
Presence of As. 



Note— The As*Sg may 
also be dissolved by heat- 
ing with a little fuming 
HXO s . The excess of 
HN0 3 is boiled off ami 
As detected as H s As0 4 
by adding AmCl, excess 
of Am HO and MgSO* 
(190) ; or by addition of 
AgN()|, and then cau- 
tiously neutralising with 
AmHO (187). 



The filtrate may be examined for Sb and Sn by 
either I. or II. below : — 

I. Place a piece of platinum foil in a porcelain 
dish and pour the acid filtrate upon it, then 
touch the foil with a piece of Zn ; H will come 
off with effervescence, and if either at once or 
after a few minutes a black stain appears 
upon the platinum, the presence of Sb is indi- 
cated.* 

The platinum foil is removed and pieces of 
Zn are placed in the liquid : as soon as the 
bubbles of H cease to be given off, Zn still re- 
maining undissolved, remove the pieces of Zn, 
rubbing and rinsing any dark deposit back 
into the dish ; let this deposit settle, decant 
the liquid and heat the solid deposit with 
strong HC1 for several minutes in a test-tube, 
dilute with a little water, filter if necessary, 
and add a few drops of HgCL solution : a 
white or grey precipitate (204, 202) indicates 
the presence of Sn. 



II. The acid filtrate is poured into a little hydro- 
gen flask (Fig. 41, p. 118), in which H has been 
coming off briskly for about five minutes, being 
produced by the action of a little strong HC1 
on some pieces of Zn. The H is lighted at the 
jet, and the inside of a small porcelain dish or 
crucible lid pressed down upon the flame : a 
black stain not dissolved by solution of bleach- 
ing powder shows the presence of Sb. 

The residue in the flask is tested for Sn, as 
directed in the latter part of I. (above). 



* The Sb thus deposited on the Pt may, after rinsing the foil, be 
dissolved by heating the Pt in a test-tube with a little very dilute 
HNOs; on cooling, diluting and passing HtS, an orange-red precipi- 
tate will form, confirming the presence of Sb. 

210.* Fresenhu? method of detecting As, Sb and Sn is 
very delicate and trustworthy. It depends upon the fact 
that fusion with NajCOj and NaN0 3 converts AsjS, into 
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soluble Na^HAsC^, Sb^j into insoluble Na^H^SbjOy and 
SnS^ into insoluble Sn or SnO a . 

The precipitated sulphides (207) are dried on the filter, 
and the precipitate* well mixed on a watch glass or in 
an agate mortar with equal weights of powdered Nag- 
Co 3 and NaNo 3 ; this powder is dropped in small 
quantities at a time into some NaNO a kept melted in a 
small porcelain crucible over a Bunsen name. When 
the powder has all been added, the crucible is heated 
sufficiently to keep the substance melted for a few min- 
utes, and the fused mass is then poured into a small, 
dry porcelain dish ; as soon as the substance has cooled, 
cold water is poured upon it in the dish and also upon 
the residue adhering to the inside of the crucible, and 
the solid substance is allowed to soak for some time 
with occasional stirring, crushing it by pressure with a 
pestle if it does not easily fall to pieces ; it is then fil- 
tered : 



The residue is washed on the filter with a mixture 
of equal measures of water and alcohol, to pre- 
vent solution of the NasHsSbtOr ; the washings 
are rejected. The precipitate is then rinsed 
into a email porcelain dish, using as little 
water as possible ; a few drops of strong HC1 
are added and the dish is heated, more HC1 
being added, if necessary, to make the liquid 
acid to litmus paper. Whether the residue has 
dissolved or not, place in the liquid a piece of 
clean platinum-foil, and upon the foil a piece of 
pure Zn. Remove the foil after a few seconds ; 
if it shows a black stain the presence of Sb is 
proved. f When the Zn ceases to be acted 
upon, Sn if present will remain as a spongy 
deposit. This is to be washed by decantation> 
dissolved by boiling with HC1 in a test-tube, 
and HgCls added immediately to the solution ; 
a white precipitate (202) shows the presence 
of Sn. 



Filtrate: HNO t is 
added until the 
solution is just 
acid after be- 
ing boiled, then 
AgNO a solution 
is poured in as 
long as it causes 
any precipitate, 
and very dilute 
AmHO is added 
little by little ; J 
a brown precipi- 
tate, readily dis- 
solving in excess 
of AmHO, shows 
the presence of As. 



• If the quantity of the precipitate is very small, the part of the 
paper containing the precipitate is cut up into small pieces and treated 
as the precipitate. 
• f See foot-note on page 130. 

t Instead of mixing dilute AmHO with the liquid, it may be care- 
fully poured upon the top of the liquid ; a brown color is then seen 
at the surface of contact. 
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GROUP I.— SILVER GROUP. 

211. This group includes Pb, Ag, Hg ; . 

The compounds of these metals differ from those of 
all other metals by being precipitated as chlorides by 
HC1 or by soluble chlorides ; since, however, PbCl, is 
somewhat soluble in w&ter, Pb is not entirely precipi- 
tated and is also found in Group II. A as PbS. 



Lead (Pb). 

The reactions for Pb have been already given under 
Group II. A in paragraphs 149-153. 



Silver (Ag). — Use AgNO s solution. 

212. HCt: white precipitate (AgCl), becomes curdy 
on being shaken or heated : pour off into four tubes ; 
filter one, wash the precipitate and let it stand for some 
time exposed to sunlight or common daylight, it will 
become blackish purple ; show with the other portions 
that AgCl dissolves readily when heated with AmHO 
or with KCy solution, and is precipitated again from 
these solutions on adding HN0 3 in excess ; also that it 
is insoluble in HNO s even on boiling. 

213. EJS or AmjS: black precipitate (Ag-S), insoluble in 
AmJS and in KHO, soluble in boiling dilute HNO t . 

214. KHO: brown precipitate (AgHO), insoluble in excess. 

215. AmHO : light brown precipitate, produced only 
when very dilute AmHO is added drop by drop, since 
it is very easily soluble in excess of AmHO. 

216. If any solid substance containing Ag is mixed with- 
powdered Na,CO. and heated on charcoal in the inner blow- 
pipe flame, it will give white malleable globules or scales of 
Ag, but no incrustation. 
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Mercurosum (Hg 7 ). — Use Hg'^NOj^-H^ in dilute 

HNO s . 

Reactions (144-148) for mercuric salts yield precisely similar 
results with mercurous salts ; the two following reactions (217, 
218), however, serve to distinguish mercuric from mercurous 
salts: 

217, HCl: a white precipitate (Hg^Cy, insoluble 
in dilute acids unless warmed with both HCl and 
HNO3, which convert it into Soluble Hg"Cl 2 : becomes 
black when AmHO is poured upon it, but does not dis- 
solve. A solution of a mercuric salt is not precipitated 
by HCl or by solutions of chlorides. 

218. AmHO, or KHO : black precipitate, insoluble in 
excess. In a solution of mercunc salt AmHO usually 
causes a white precipitate (NH 2 HgCl), and KHO pre- 
cipitates yellow Hgo. 



220. Group I. — Table of Differences. 



Teste. 


Pb. 


Ag. 


Hg\ 


Tor liquids. 

1. Add HCl : 

2. Add AmHO, rery 
dilute: 

3. Add K 1 Cr0 4 : 


White precipitate, 

| soluble in boding 

\ water; AmHO 

neither dissolves the 

precipitate nor 

changes its odor. 

Whit* precipitate, in- 
soluble in excess. 

Bright yellow precip- 
itate. 


White curdy precip- 
itate, insoluble in 
boiling water, easily 
soluble in warm 
AmHO. 

Brown precipitate, 
readily soluble in 
excess. 

Chocolate red precip- 
itate. 


White precipitate, 
insoluble in boiling 
water; insoluble in 
AmHO, but black- 
ened by it 

Black precipitate, in- 
soluble in excess. 

Scarlet red precipi- 
tate. 


For solids. 

4. Fuse with 
NadOOg on char- 
coal In the inner 
blowpipe flame : 


White malleable glob- 
ule* of metal which 
mark paper ; yel- 
low incrustation on 
the charcoal. 


White malleable glob- 
ules or scales which 
do not mark paper; 
no incrustation. 


No metallic glob- 
ules. 

Confirm by heating 
with Na,C0 3 in an 
ignition tube (147). 
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Separation and Detection op Metaxs in Group I. 
221.* The following differences are made use of: 

1. The solubility of PbCl 2 in boiling water, in which 
AgCl and Hg' 2 Cl 2 are insoluble. 

2. The solubility of AgCl in AmHO, in which 
Hg' 2 Cl 2 is insoluble. 

The presence of each member when separated is then 
confirmed by one of its special tests. 

222.* A solution which is to be examined for Pb } Ag, 
Hg f is precipitated by adding HC1 in excess; it is then 
filtered and the clear filtrate is tested with more HC1 to 
ascertain that no further precipitate is produced : the 
precipitate is then examined by Table I. (433). 



The foregoing reactions only include those for the metals of 
common occurrence. For information concerning the reac- 
tions, detection and separation of the rarer metals and organic 
bases, the student is referred to the latter part of the sixth sec- 
tion of this book. 
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REACTIONS FOR ACID RADICLES. 



The acid radicles are usually detected in the course of 
analysis by special tests : they cannot advantageously be 
precipitated in groups and the members of each group 
then separated and identified, as is the case with the metals. 
Accordingly, the arrangement here adopted consists in 
placing together in a group such acid radicles as some- 
what resemble one another in their reactions, and at the 
end of each group stating upon what differences the de- 
tection of its members when occurring together depends. 

The reactions for acid radicles are worked through in 
the same way as those for the metals, a salt or other com- 
pound containing the radicle being employed. At the 
end of each group the student may with advantage detect 
one or more of its members, as was done with the metals. 

The systematic Tables of Differences, such as are given 
for each group, of *the metals, are not drawn out for the 
acid radicle groups ; the student should have no difficulty 
in constructing such tables for himself, either mentally 
or on paper, by looking through the reactions. 



GROUP L— SULPHATE GROUP. 

Sulphates are the only commonly occurring salts which 

five with BaCl 2 a precipitate insoluble in boiling HC1. 
'luosilicates resemble sulphates in this respect, but they 
differ in so many other reactions that they are considered 
hereafter (299-301) in connection with fluorides and 
silicates, to which tney are analytically more closely re- 
lated. Selenates also yield a precipitate of BaSe0 4 on 
addition of BaClj, but it dissolves when boiled for some 
time with strong HC1. 



1 36 GROUP I. —SULPHATES. [227, 228. 

Sulphates (— "S0 4 ).— Use Na^O^lOHA 

5827. BaCl 2 , or Bc^NO^: white precipitate (BaS0 4 ), 
insoluble when boiled with dilute HC1 or HN0 3 . 

Add BaCl, or Ba(NO a ) 2 to strong HC1 or HNO s , a 
white precipitate will be produced consisting of BaCl 2 or 
Ba(N0 3 ) a , which are insoluble in the strong acids : these 
precipitates are readily distinguished from BaS0 4 by 
their solubility in water. 

228. If a sulphate, or any solid substance containing 
sulphur, is mixed with solid NaaCO,, and fused on char- 
coal in the inner blowpipe flame, it will yield Na,S : — 

Na^O, + 4C = Na^SH- 4CO. 

The Na^S is readily detected by detaching the cold solid 
mass from the charcoal with the point of a knife, placing 
a portion of it upon a bright silver coin, and moistening 
it with a drop of water : after the moistened mass has 
remained upon the coin for a short time it is rinsed off, 
and a black stain will then be seen upon the silver where 
the substance has rested (231). 

Another portion of the cool mass may be moistened 
with a drop of HC1 ; a fetid smell of HjS will then be 
observed, and a piece of paper moistened with PbA, 
solution and held above it will be blackened (230). 

This test is evidently only of value for detecting a 
sulphate when it is known that sulphur is not present in 
any other form in the substance to be tested. It is also 
necessary that sulphur should not be introduced in the 
Na,C0 3 or by the flame ; and since coal gas may contain 
sufficient sulphur to give the above reaction with pure 
Na,C0 3 , it is always advisable to employ the flame of a 
spirit lamp rather than that of a gas burner for this 
reaction. 

Hydrogen sulphate, or sulphuric acid (II 2 S0 4 ), may be 
detected by producing black, charred stains on paper 
which has been dipped into it and dried by heat : it also 
has a strongly acid reaction to litmus, and evolves hy- 
drogen when it is warmed with Zn : these properties are, 
however, shown by some metallic and acid sulphates. 
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GROUP II.— CARBONATE GROUP. 

The five following classes of salts give off charac- 
teristic gases when acted upon by HC1. 



Carbonates ( — "C0 3 ). — Use Na^Oa, or CaCo 3 . 

5829. HCl y HA, H 2 T y or almost any other acid, if 
poured' upon a carbonate in a test-tube, causes colorless, 
almost inodorous carbon dioxide gas (C0 2 ) to escape 
with effervescence ; this gas is recognized by its property 
of turning lime or baryta water milky by the produc- 
tion in them of an insoluble carbonate. 

The test may be tried in several ways. 

1. The acid may be poured upon the carbonate in a 
test-tube : a glass rod which has been dipped into some 
perfectly clear lime water and has a small drop adher- 
ing to its end is then introduced into the test-tube, with- 
out touching the liquid or the inside of the tube ; the 
drop will quickly become milky : the milkiness is best 
seen when the drop is held above a dead black sur- 
face. 

2. Since Coji gas is much heavier than air, it will re- 
main in the test-tube if the tube is held erect and its 
mouth is loosely closed with the thumb ; by gradually 
sloping the tube the heavy gas may then be poured 
into another test-tube containing lime water, without 
allowing any liquid to flow out; on closing this tube 
with the thumb and shaking the lime water up with the 
gas, the liquid will become milky. 

3. The acid may be poured upon the carbonate in a 
small beaker, which is immediately covered with a watch 
glass with its convex surface downwards and having a 
drop of clear lime water adhering to the middle : the 
drop will become milky. 

4. If the C0 2 is given off in considerable quantity, it 
may be made to pass into some lime water contained in 
a separate tube ; this is effected by either of the forms 
of apparatus shown in Fig. 44, on the next page. 
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In testing for a carbonate the following precautions must be 
attended to : 

Since the milkincss produced in lime water by CO, gradually 
disappears when more CO, is absorbed, if the 
Fit;. 44. lime water does not become milky at once, it 
must lie constantly watched in order to avoid 
the risk of its becoming milky and clear again 
before being seen. 

Also, if the addition of the first few drops 
of acid does not cause an effervescence of 
CO., more acid should be added, since many 
carbonates retain the first portions of CO, by 
forming acid carbonates, as is shown by the 
following equation : 
Ns,CO, + CO, + H,0 — 2NaHCO,. 
Hydrie carbonate*, or bicarbonate*, are decomposed by heat 
into normal carbonates with escape of CO, and H,0: prove 
this by adding NaHCO, to boiling water in a test-tube, when 
effervescence will occur; 

2NaHCO, = NajCO, + CO, + H,0. 

A solid substance which is being tested for a carbonate by 

HCI should be first moistened so as to drive out the air bubbles 

entangled in it, since these whilst escaping might be mistaken 

for a slight effervescence of CO,. 

A solution of a bicarbonate made in cold water eives no pre- 
cipitate with MgSO, solution, but after being boiled the solu- 
tion will contain a normal carbonate and will precipitate white 
MgCO,. 

With HgCl, the solution of a bicarbonate yields a vale yellow 
precipitate, while solution of a normal carbonate yields a red 
precipitate. 

Hydrogen, carbonate, or carbonic acUl (HjCO,), can 
only exist in dilute aqueous solution ; addition of lime 
water to its solution causes milkiness ; but since other 
substances in solution behave in a similar way, the acid 
is best found by boiling the liquid and passing the CO, 
which is evolved with the steam into lime water; the 
lime water becomes milky. 

Sulphides (— "$).— Use FeS or Am^S. 
230. HCl or H/SO, when poured upon a small frag- 
ment of FeS causes II^S gas to escape with efferves- 
cence : this gas is detected by its fetid smell, resembling 
that of rotten eggs, and by its property of blackening 
PbA, solution, owing to the formation oi'PbS. The gas 
may be made to act ujx>n the PbA, solution by the 
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methods given for CO a (229, 1-4) ; or a small strip of 
filter paper, moistened with the solution, may be intro- 
duced into the gas on the end of a glass rod. 

This test is made much more delicate if the paper is 
moistened with a solution prepared by adding KHO to 
boiling PbA 2 solution until the precipitate formed at first 
is redissolved : a test paper thus prepared becomes in- 
tensely blackened by H 2 S. The paper strip should be 
attached to the rod by only half its length, so as to ex- 
pose both sides of the free end to the gas. 

231. A solution of a sulphide if dropped upon a bright 
silver coin produces a black stain (AgjS) ; this may be 
removed by rubbing the coin with moist lime. 

232. An insoluble sulphide such as FeS, which gives 
off H2S on the addition of HC1, produces a black stain 
when it is placed on a silver coin and moistened with a 
drop of HCL 

233. PbA 2 solution gives with soluble sulphides a 
black precipitate (PbS). The solution produced by 
adding KHO in excess to PbA 2 solution is a more deli- 
cate reagent for this test. 

234. Free S and many sulphides, when strongly 
heated in a test-tube, give a sulphur sublimate of brown 
drops or yellow powder : and if heated in a tube, open 
at ooth ends and held obliquely in the flame, they give 
off S0 2 gas, which may be recognized by its pungent 
smell and by turning paper moistened with K 2 Cr 2 7 so- 
lution green. 

235. Reaction 306 for a cyanide may be employed 
as a very delicate test for a soluble sulphide. 

An insoluble sulphide, when fused in a covered por- 
celain crucible or in a closed hard glass tube with 
NaaCOa, yields soluble Na^. 

A sulphide when fused with KN0 3 or when heated 
with strong HNO s yields a sulphate, which may be de- 
tected in solution by BaCl 2 (227). 

Hydrogen sulphide, or hydrosvlphuric acid (H^S), in 
aqueous solution is easily recognized by 231 or 233 ; 
unless the solution is very dilute it emits HjS, which is 
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readily detected by its smell, or by suspending lead 
acetate paper over the liquid. 



Sulphites (— "SO s ).— Use Na^. 

236. HCl or H 2 80 A when poured upon NaaSO s and 
warmed gives off 80 3 gas, which is known by its pun- 
gent smell and by turning K 2 Cr 2 7 solution! green : a 
drop of the K 2 Cr 2 7 solution hanging on the end of a 
glass rod may be exposed to the gas (229), or a small 
strip of filter paper may be wetted with the bichromate 
solution and then attached by half its length to the rod, 
the other half hanging freely in the gas. H 2 T solution 
does not evolve S0 2 from a sulphite. 

237. Bad*: white precipitate (BaSO s ) : entirely sol- 
uble in HCl, unless Na 2 S0 4 is also present, when BaS0 4 
remains undissolved : on adding CI- or Br-water to the 
HCl solution, BaS0 4 is formed and precipitated : — 

BaSO, + 2HC1 = BaCl 2 + HjSOj. 

BaCl 2 + H2S03 + H 2 + 2C1 = BaS0 4 + 4HC1. 

238. The addition of Na^SO s solution to a mixture of 
HCl and Zn, which is giving off pure H, immediately 
causes an evolution of H^ : the HjS is detected by its 
smell, or by blackening^ piece of filter paper moist- 
ened with solution of PbA 2 or of PbO in excess of KHO 
(230). 

Hydrogen sulphite, or wlphwrous add (HjSO s ), can be 
detected in aqueous solution by adding a drop of 
K 2 Cr 2 C) 7 solution, which will at once become green : strong 
aqueous solution slowly evolves SO a , which is detected 
by its smell ; dilute solutions also evolve S0 2 when they 
are heated. 

THIOSULPHATES, OR HYPOSULPHITES ( — "SiO,). 

Use NajSA^HjO solution. 

239. HCl or flj&Oi causes no immediate change in the 
cold solution, but the acidified liquid after standing for a 
few seconds deposits a precipitate of yellow S and then con- 
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tains H2SO3 ; hence SO a may be recognized by its pun- 
gent smell when the liquid is heated, and may be 
detected in the solution by adding a few drops of red 
K 2 Cr 2 07 solution, which changes color to green. 

240. — 2^(74 gives a reddish violet color, which vanishes after 
a short time in the cold and immediately when heated ; the 
Fe,Cl 6 solution at the same time loses its yellow color owing 
to the change of Fe,Cl 6 into FeCl,. 

240a. AgNO s ; a white precipitate (Ag^Oj), be- 
coming black after standing for a short time, or imme- 
diately when heated, owing to the formation of AgjS : 

Ag J S a 3 + H a O= AgaS+HaSO,. 

The above precipitate ( Ag^Oj) dissolves very readily 
in excess of the Na^O, solution; hence it is most easily 
obtained by dropping the latter into some AgNO s solu- 
tion. 

Hydrogen thiosulphctie, or ihiosvlphuric acid (H2S2O3), 
is extremely unstable, rapidly separating into S + H2SO3 
(239). 

Hypochlorites ( —'CIO).— Use CaCl 2 0. 

Hypochlorites in the solid state or in strong solution give off 
a faint smell of CI. 

241. HCl, HfiO A} H 2 0, or even C0 2 sets free CI from 
a hypochlorite in the cold; the gas may be recognized 
by its smell, its yellowish color, and by bleaching a 
piece of moistened litmus paper which is held for a 
short time in the tube ; if the CI is small in quantity 
and remains dissolved, a piece of litmus paper may be 
shaken up with the solution. 

Bleaching by the solution may occur even without the 
addition of acid, owing to the bleaching power of the 
hypochlorite itself or to the liberation of CI by the C() 2 
in the air ; on the addition of any acid, however, the 
bleaching of the immersed paper is very rapid : 

CaCl 2 0+ 2HC1= 2C1+ CaCl 2 + H 2 0. 

242. If a solution of a hypochlorite is added in large 
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quantity to PbA 2 solution, it gives a white precipitate 
which becomes red and then dark brown (Pb0 2 ) when 
the liquid is boiled for a short time. 

When a hypochlorite is heated with MnCtt solution, 
it also gives a dark brown precipitate. 

Hydrogen hypochlorite, or hypochlorous acid (HCIO), 
is a yellow liquid with sweetish smell, and is very un- 
stable unless largely diluted; it bleaches litmus and 
evolves CI when it is warmed with HC1. 



Nitrites (—'NO,).— Use KNO,. 

243. When a nitrite is warmed with dilute HaS0 4 
it evolves reddish brown nitrous fumes, which have a 
characteristic smell ; they are best seen by looking down 
the tube at a white surface. 

244. When cold FeS0 4 solution is added to the solu- 
tion of a nitrite it becomes brown ; the color becomes 
much more intense on the addition of cold dilute 
H 2 S0 4 ; it is due to a compound of NO with FeSO^ 
and is destroyed by boiling the liquid, when red fumes 
are given off (243). 

245. Drop a little starch powder into some water 
boiling in a porcelain dish, and boil for a short time; then 
cool the starch solution and add to it a few drops of KI 
solution, then some solution of a nitrite and several drops 
of HA: an intense blue color will be produced, owing 
to the combination of iodine, set free by the HNOj, 
with the starch ; the test is best made in a white porce- 
lain dish, the liquid, which often appears black at first, 
being diluted, if necessary, until its blue color becomes 
visible. This is a most delicate test if the liquid is 

3uite cold ; and it is of value if the color is not pro- 
uced until the HA is added. 

Hydrogen nitrite, or nitrous acid (HX0 2 ), is ex- 
tremely unstable, doooni|>osing rapidly into HNO s , NO 
and H 2 0. 
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Detection op Acid Radicles in Group II. 

246.* The detection of these acid radicles when oc- 
curring singly presents no difficulty; but most of the 
acids which are formed on the addition of JIC1 to the 
salts of this group react upon one another ; thus HCIO 
oxidizes HN0 2 , H 2 S and HaSOj; and HjSOj oxidizes 
HgS. The analyst may often, by skillful use of the above 
reactions, detect these acid radicles when they are mixed ; 
but their detection in certain mixtures is a problem only 
soluble by careful consideration and not unfrequently 
insoluble. _ 

S0 2 may be detected by K 2 Cr 2 7 paper; HjS by PbA a 
paper ; CI by bleaching moist litmus paper ; N 2 O s by 
its brown color. But C0 2 can only be detected in the 
presence of much S0 2 by passing the gases through hot 
K 2 Cr 2 7 solution, which absorbs 80 2 , C0 2 passing on 
and being detected by lime water. 

It should be noted that while carbonates evolve C0 2 
when acted upon by H 2 T, sulphites are-not decomposed 
by that acid. 
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GROUP III.— NITRATE GROUP. 

This group includes nitrates and chlorates: these salts 
resemble orie another in many respects, more particularly 
in the fact that none of them are perfectly insoluble in 
water; hence no method of precipitating them is known. 



Nitrates (— 'N0 3 ).— Use KNO s . 

247. Add to some KN0 3 solution, contained in a 
rather broad test-tube, about an equal bulk of strong 
H2»S0 4 ; cool the liquid in a stream of cold water from 
the tap ; then pour some strong cold FeS0 4 solution in 
a gentle stream from a pipette down the inside of the 
tube, which is held in an inclined position : a distinct 
layer of the FeS0 4 solution may thus be formed on the 
surface of the acid liquid. A dark brown film or ring, 
which sometimes extends upwards, will then appear 
where the liquids are in contact. 

The color is most easily seen by holding a piece of 
filter paper between the tube and a bright name or 
window, and looking through the tube at the light. A 
mere yellow color is often produced in the absence of a 
nitrate and may be disregarded. 

The test is made more delicate by letting the tube 
stand in a beaker of cold water for a few minutes, since 
heat prevents or removes the brown coloration. If much 
nitric acid is present, the brown color extends upwards 
on mixing the acid and FeS0 4 solution until the heat 
evolved by the dilution of the strong H2S0 4 causes the 
NO to escape and to form brown fumes in the test-tube; 
the liquid at the same time loses its dark brown color 
(244). 

248. Put a few small scraps of Cu in some KNO s 
solution and add strong HjSO,; brown nitrous fumes 
will appear either at once or on warming the tube: 
they are best seen, if small in quantity, by looking down 
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the tube at a white surface. The liquid at the same time 
becomes blue from the production in it of Cu(N0 3 ) 2 : 

8HNO3 + 3Cu = 2NO + 3Cu(N0 3 ) 2 + 4H 2 0. 

NO is itself a colorless gas, but it yields N 2 O s and 
N 2 4 by oxidation when mixed with air, and these are 
reddish brown. 

249. If some cold dilute indigo solution is poured 
into cold KNO3 solution until it is decidedly blue and 
then H 2 SO s is added, the blue color remains unchanged : 
this reaction distinguishes a nitrate from a chlorate. 

250. If any solid nitrate is heated to redness with 
fusion mixture (Na^CO s + K 2 C0 3 ) on platinum foil for 
several minutes, a soluble alkaline nitrite is formed ; if 
the foil after cooling is boiled in water, a portion of this 
solution may be proved to contain a nitrite by the test 
in paragraph 245 ; another portion acidified with HN0 3 
will be found to give no precipitate with AgNO s . 
Compare 254. 

A nitrate in solution may also be reduced to a nitrite 
by the action of nascent hydrogen. Add dilute HgSOj 
to some KNO s solution; on the addition of freshly- 
made starch solution containing KI no color will oe 
produced, but on dropping in a fragment of Zn the 
liquid will assume a deep blue color (245). 

251. Solid KNO3 when fused on charcoal in the 
blowpipe flame deflagrates, — that is to say, the surface 
of the charcoal burns away rapidly, like gunpowder. 

251a. Many metallic nitrates, when heated in a glass 
tube closed at one end, evolve reddish brown fumes with 
a characteristic smell (N 2 4 ) and oxygen: PbN 2 6 = 
N a 4 + O + PbO. The N 2 4 is recognized by its color 
and smell, and the O by inflaming a glowing splinter of 
wood. Lead nitrate may be used in trying this experi- 
ment. 

Hydrogen nitrate f vr nitric acid (HNO,), has a strongly 
acid reaction : it gives with FeS0 4 solution a brown ring 
14 
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(247), and with Cu brown fumes (248) and a blue solu- 
tion. When it is evaporated with quill clippings, it 
stains them bright yellow. 



Chlorates (— 'C10 3 ).— Use KC10 S . 

252. If cold dilute indigo solution is gradually added 
to a cold solution of KC10 3 until the liquid is colored 
faintly but distinctly blue, and some HaSOj is then 
poured in and the mixture is shaken, the blue color of 
the indigo is at once destroyed (249). 

253. Strong H^O^ poured upon a little solid KC10 3 
becomes orange red in color, and evolves when shaken 
a bright yellow gas (Cl 2 OJ : 

3KC10 3 + H^O, = CiA + KC10 4 + KaSO, + H s O. 

This gas has a smell somewhat resembling that of chlo- 
rine ; it explodes readily when gently heated ; hence on 
warming the mixture in the tube crackling sounds or 
small explosions will be produced. 

This experiment may be dangerous, unless very little 
KC10 3 is used and the mixture is heated gently with 
the mouth of the test-tube turned away from the person. 

254. AgNO z produces no precipitate with KC10 3 
solution which is free from KC1. But if some solid 
KC10 3 be heated in a test-tube, it fuses and gives off 
oxygen with effervescence ; this gas may be recognized 
by holding in the tube a slip of wood with a spark at 
its end ; the spark is caused to burst into a flame. 

If the tube is then allowed to cool and the residue 
is dissolved by heating it with water, a portion of the 
solution will be found to give no reaction for a nitrite 
(245): but another portion will give on addition of 
AgN0 3 a white precipitate (AgOl), which does not dis- 
solve in HN() 3 even on boiling, but dissolves readily in 
Am HO (257): this precipitate is caused by KC1 formed 
from the chlorate : KC10 3 = KC1 + O s . 
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A chlorate which does not yield a soluble chloride 
must be mixed with fusion mixture before it is heated. 

This reaction readily distinguishes a chlorate from a 
nitrate. 

255. If KC10 S is heated on charcoal in the blowpipe 
flame, it causes the charcoal to deflagrate. 

Hydrogen chlorate, or chloric acid (HC10 S ), is a col- 
orless, odorless liquid, which first reddens and then 
bleaches litmus paper ; on being kept for some time it 
changes into O, CI, HC10 4 and H 2 ; the same change 
occurs rapidly when it is heated. 



Detection op a Nitrate and a Chlorate. 

256.* There is little difficulty in distinguishing a 
nitrate from a chlorate. 

When present together, they more or less interfere 
with one another's reactions; but in the absence, or after 
the removal, of chlorides and nitrites, they may be de- 
tected by heating the solid substance strongly for a 
short time, and then testing for a nitrite and a chloride 
(250, 254). 
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GROUP IV.— CHLORIDE GROUP. 

Chlorides, bromides and iodides closely resemble one 
another in their reactions; they are all precipitated by 
AgNO s from solutions to which HNO s has been added 
in excess ; in this respect they differ from all salts ex- 
cept cyanides, ferrocyanides and ferricyanides, and these 
are easily distinguished by other means. 



Chlorides (—'CI).— Use NaCl. 

267. AgNO Z} when added to the solution of a chlo- 
ride, gives a pure white precipitate (AgCl), which col- 
lects into curdy masses if the liquid is heated or shaken, 
and rapidly turns violet in sunlight, slowly darkening 
even in diffused daylight. 

Decant the water ; warm one portion of the precipi- 
tate with HNOg, it will not dissolve ; to another portion 
add AmHO, it will readily dissolve ; AgCl is also solu- 
ble in KCy and in Na^S 2 O s solutions. Decant the 
liquid and warm the precipitate with a little strong 
HaS0 4 , the acid will remain colorless and no colored 
vapor will be given off. 

258. Warm some solid NaCl with strong HjS0 4 ; 
colorless HC1 will be given off and may be recognized 
by fuming in the air, by reddening moistened blue lit* 
raus paper, and by making a drop of AgNO s solution 
acidified with HNO s milky (229, 1-4). 

269. Mix together intimately some finely-powdered 
NaCl and MnO a , then add strong HaS0 4 and warm the 
mixture ; chlorine gas will be evolved : — 

2NaCl + MnO, + SH^SO, — 2C1 + MnS0 4 + 2NaHS0 4 + 2H,0. 

This gas is recognized by its power of bleaching a piece 
of moistened litmus paper, which is introduced into the 
tube on a glass rod. The most delicate way of making 
this test is to mix the substances in a small beaker, cover 
this with a watch glass which bears on its under sur- 
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face a piece of moist litmus paper, and then warm the 
mixture and let it stand for some time. Moist starch 
is not colored when held in the escaping gas. 

Many samples of commercial MnO, evolve CI when heated 
with H^30 4 ; hence, unless the MnO, has been specially pre- 
pared by precipitation, it must be carefully tested before it 
is used for this reaction ; or the MnO. and HjS0 4 may be first 
boiled together as long as any bleaching action is produced 
when moist litmus is held in the tube, then the substance to 
be tested is added and CI is again tested for while the mixture 
is being heated. 

260. If an intimate mixture is made of solid NaCl 
with three or four times as much K 2 Cr 2 7 by rubbing 
the two substances together to a fine powder in a mor- 
tar, and this mixture is stirred with strong H^SC^ and 
heated in the tube or flask represented on page 138, red- 
dish brown vapor (Cr0 2 Cl 2 ) will be evolved : 

4NaCl + K^CrA + 6^0, = 2010,0^ + 4NaHS0 4 + 

2KHS0 4 +3H 2 0. 

If the vapor escaping from the delivery-tube is 
passed into some water in a test-tube, the water will be- 
come reddish yellow in color, owing to the formation of 
H 2 00 4 : 

Cr0 2 Cl 2 + 2H 2 = H 2 Cr0 4 + 2HC1. 

On adding excess of AmHO to this reddish yellow 
liquid the color changes to pale yellow, since Am 2 0rO 4 
is formed. On now adding excess of HA the original 
reddish yellow color is reproduced, and the presence in 
this liquid of H^CrO^ and therefore indirectly that of 
a chloride, may be shown by the formation of a yellow 
precipitate (PbCrOJ on the addition of PbA 2 solu- 
tion. 

The detection of a chloride by this method depends 
on the formation of H 2 Cr0 4 in the water in the test-tube 
from the vapor of Cr0 2 Cl 2 : great care must therefore 
be taken that none of the mixture containing a chro- 
mate is allowed to get into the delivery-tube and thence 
into the water. 

Care must also be taken that the water is not sucked 
back into the hot strong HjjSOj: this is prevented by 

14* 
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raising the delivery-tube out of the water as soon as the 
heating is stopped. 

Hydrogen chloride, or hydrochloric acid (HC1), is a 
colorless gas which fumes in the air and dissolves very 
readily in water ; both the ggs and its solution render 
milky some AgNO, solution which has been acidified 
with HNO s . When it is heated with Mn0 2 the acid 
evolves chlorine gas. 



Bromides ( — 'Br). — Use KBr. 

261. AgN0 3 when added to the solution of a bro- 
mide gives a yellowish white precipitate (AgBr), which 
is easily coagulated by heating or shaking the liquid ; 
it is insoluble in HNO a , easily soluble in KCy and iu 
Na^O, solutions, and slightly soluble in AniHO; it 
therefore resembles' AgCl, but is distinguished from it 
by its color. If the liquid is decanted and the precipi- 
tate is heated with strong KjSO^ no violet vapor will 
be evolved, as is the case with Agl. 

262. Solid KBr when heated with strong HjSO* 
gives off acid fumes (HBr) and reddish brown vapor 
of Br ; this vapor somewhat resembles CI in smell and 
in bleaching power, but differs from it in color. Bro- 
mine vapor also has the power of staining cold moist 
starch orange red : the starch powder may be taken up 
on the wetted end of a glass rod, and moistened by 
breathing upon it several times. If MnO a is mixed 
with the KBr powder before adding HjS0 4 , the Br is 
evolved in greater quantity and more readily (259). 

263. Chlorine water, or CaCl a O solution acidified 
with HC1, if added carefully, drop by drop, to the solu- 
tion of a bromide, liberates Br, which colors the solution 
orange red; excess of CI must be carefully avoided, 
since it combines with the Br and destroys its color: 
KBr + Cl = Br+KCl. 

On warming a part of this solution, reddish brown 
Br vapor is given off, which stains cold moist starch 
orange red (262). 
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GROUP V.— PHOSPHATE GROUP. 

Phosphates and arsenates resemble one another 
closely in many of their reactions ; they present pQints 
of difference, however, which render their distinction 
possible. 

Phosphates (— '"P0 4 ).— Use Na 2 HP0 4 .12H 2 0. 

275. MgS0 4 solution, to which some AmCl has been 
added, and then a little AmHO, gives with the solution 
of a phosphate a white crystalline precipitate 
(MgAmP0 4 .6H 2 0) : this precipitate is almost insoluble 
in AmHO, but is easily soluble, in acids. If very little 
phosphate is present, the precipitate often appears only 
when the liquid has been gently warmed, then well 
stirred or shaken and allowed to stand for some time. 

276. jR3aC? 6 _solution, if dropped in after the addition 
of a little HA and NaA solution, gives a yellowish 
white precipitate of Fe'"P0 4 : the precipitation is has- 
tened by gentle heat. 

277. A drop of phosphate solution when added to a 
solution of AmHMo0 4 in HNO a gives a yellow pre- 
cipitate : the formation of the precipitate is hastened by 
gently warming and stirring or shaking the liquid, but 
it often appears only after a time ; a part of it usually 
adheres firmly to the inside of the tube, and may be re- 
moved by KHO, NaHO, or AmHO solution, in which 
it is readily soluble ; it is only slightly soluble in inor- 
ganic acids, and is practically insoluble in HNO s . 

This test if properly performed is most delicate, but careful 
attention must be paid to the following precautions : 

The AmHMo0 4 solution must be prepared according to the 
directions given in 552, remark 40. 

The solution to be tested must not be alkaline to test paper; 
it is best made distinctly acid with HNO s ; • it is then to be 
added in small quantity only to some of the AmHMo0 4 solution 
in a test-tube, more being added if no yellow precipitate forms 
after a few minutes when the liquid has been gently warmed 
and stirred. 

.5 
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This last precaution is extremely important, since an excess of 
phosphate altogether prevents the formation of the precipitate. 

Snow that this is the case by pouring a few drops of 
AmHMo0 4 solution into some Na,HP0 4 solution acidified with 
HN0 3 ; no precipitate will form even on heating and shaking 
the liquid, since the phosphate is present in large quantity as 
compared with the AmHMoO* ; but on adding a few drops of 
this liquid to some fresh AmHMoO* solution the precipitate 
will appear. 

It must also be remembered that HC1 retards or prevents 
the formation of this precipitate ; a solution in nitric acid 
should therefore always be used when possible. 

278. AgN0 3 : yellow precipitate ( Ag 3 P0 4 ) : pour off a 
portion and show that the precipitate is soluble in 
AmHO and in HNO a . 

278a. A very delicate test for the presence of P in the form 
of a phosphate or otherwise, consist* in strongly heating the dry, 
solid substance with a small piece of Na in a little tube of hard 
glass closed at one end : on breaking the tube and breathing 
upon the powdered substance a smell of onions (H S P) will be 
perceived. 

If a phosphate is made into a paste with strong H,S0 4 and 
heated strongly at the tip of the inner blowpipe name, it gives 
a bluish green color to the flame. 

Many phosphates, when they are moistened with Cfc^NO,), 
and heated in the outer blowpipe flame, become blue. 

Hydrogen phosphate, or phosphoric acid (H s P0 4 ), is a 
colorless crystalline substance; its solution is strongly 
acid, but differs from HjSC^ by not charring paper 
which has been dipped in it and dried by heat; its 
presence may be confirmed by reactions 275, 277. 



Arsenates (— "'As0 4 ).— Use Na a HAs0 4 .12H a O so- 
lution. 

279. The precipitates formed in reactions 275, 276, 
277 with a phosphate are precisely similar in appear- 
ance and general properties to those formed when the 
same reagents are added to an arsenate. The precipi- 
tate, however, which AgN0 3 gives with an arsenate is 
brown, whilst that given by a phosphate is yellow ; also 
AmIIMo() 4 gives a precipitate with an arsenate only on 
boiling the liquid and not by gently heating it, as with a 
phosphate. 
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280. The, following differences serve to detect and sep- 
arate a phosphate and an arsenate : 

1. The fact that an arsenate yields a precipitate with 
AmHMo0 4 only when the liquid is boiled, whereas the 
corresponding precipitate with a phosphate is produced 
by a gentle heat. 

2. An arsenate solution which has been boiled with 
strong HC1 gives, when H2S is passed into the hot liquid, 
first a white precipitate of S and then yellow AS2S3 ; a 
phosphate solution under the same circumstances gives no 
precipitate. 

3. In a perfectly neutral solution AgN0 3 gives with 
an arsenate solution a brown precipitate, and with a phos- 
phate a canary yellow precipitate. 

281. The simplest method of ascertaining which of these 
two acid radicles is present is to throw the precipitate, 
produced on addition of AmCl, AmHO and MgSO^ 
upon a filter, wash it with a little cold water and drop 
AgNO s upon it : if the precipitate consisted of MgAm- 
As0 4 it will become brown, if it was MgAmP0 4 it will 
become canary yellow. 

Or the precipitate produced by the addition of AmCl, 
AmHO and MgS0 4 may be examined for arsenate by 
dissolving a part of it in dilute HN0 3 , adding AgNO s 
as long as it causes any white precipitate and then very 
dilute AmHO gradually, drop by drop ; if arsenate is 

f>resent a brown precipitate will form just before the 
iquid becomes alkaline to test paper : a phosphate will 
give a yellow precipitate. Instead of mixing the dilute 
AmHO with the acid liquid it may be gently poured in 
upon the top of it, when the color will appear at the sur- 
face of contact. 



Detection op an Arsenate and a Phosphate. 

282.* AmCl, AmHO and MgS0 4 are added as long as 
any further precipitate is caused : a small portion of the 
precipitate is then filtered off and tested at once for an 
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arsenate by dropping AgNO s solution upon it. If the 
precipitate turns yellow, a phosphate alone is present. 
If the precipitate turns brown an arsenate is present and 
must be separated from the other part of the precipitate 
before testing for a phosphate. 

The rest of the precipitate is accordingly filtered off 
and dissolved in a little boiling strong HC1 ; H*S is then 
passed for several minutes into this hot solution, when 
the presence of an arsenate is confirmed by the precipi- 
tation of white S and yellow AajS s : the precipitate is fil- 
tered off and HaS is again passed into the ooiling filtrate ; 
if any further precipitate is produced, the gas must be 
further passed until it no longer causes a precipitate ; the 
clear filtrate is then evaporated just to dryness, dissolved 
in a little dilute HNO s and tested for a phosphate by 
adding a few drops of it to AmHMo0 4 solution and 
gently warming the liquid (277). 

An arsenite may be tested for by acidifying the filtrate 
from the Mg precipitate and passing H2S into it : yel- 
low AsjSs will be precipitated at once if an arsenite is 
present. 
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VI.— UNGROUPED ACID RADICLES. 

The following acid-radicles present no marked resem- 
blances to one another or to other acid 'radicles in their 
reactions ; they are therefore usually detected by special 
tests. 



Borates (— 'B0 2 , or— '"B0 3 ).— Use Na^A 10H 2 O. 

283. Powder some borax finely and. stir it with a 
little dilute HC1 on a watch glass ; immerse the lower 
half of a strip of turmeric paper in this liquid and dry 
it on a watch glass in the steam-oven or on a water- 
bath, or above a small flame: the part which was moist- 
ened will appear reddish brown, and will become bluish 
black when moistened with AmHO. 

284. Pour methylated spirit upon some finely-pow- 
dered borax in a test-tube or porcelain dish, add a little 
strong HaSO*, then heat the mixture and kindle the 
spirit ; the flame will show a green edge, which is often 
best seen by blowing the flame out after it has burned 
for a time and then relighting it. This flame colora- 
tion Js similar to that given by certain other substances; 
but its spectrum, consisting of three or four equidistant 
green lines, is quite characteristic. 

286. If a mixture of CaF 2 and KHS0 4 , with borax 
or boric acid, is finely powdered, moistened, and heated 
on a loop of platinum wire in the inner blowpipe flame, 
it colors the outer flame momentarily green after being 
heated for a short time. This test is not always deci- 
sive, since many phosphates and copper salts give a 
similar result; it is also liable to be masked by the 
flame colorations of other substances. 

Hydrogen borate, or boric acid (HB0 2 ), is a white, 
porous mass; when combined with 2H 2 0, it forms a 
crystalline scaly hydrate; these substances, when strongly 
heated, yield a fusible glass consisting of B 2 3 . The 

15* 
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solution of the acid turns litmus paper wine red. Re- 
actions 283, 284, 285 serve to detect boric acid.. The 
acid is soluble both in H 2 and in alcohol ; on evapo- 
rating these solutions, the acid partially escapes with 
the vapor of the liquid. 



Chromates (— "Cr0 4 ).— Use K.Cr.O,. 

All chromates are more or less yellow or red in color. The 
yellow solution of a normal chromate becomes orange red on 
the addition of an acid, owing to the formation of a dichro 
mate: while the reddish solution of a dichromate becomes 
pale yellow when made alkaline, owing to its conversion into 
a normal chromate. 

286. Various substances which readily combine with 
oxygen deoxidize acidified K 2 Cr 2 7 solution with pro- 
duction of a chromic salt, the color of the solution at 
the same time changing from orange red to bright green. 

Show this by adding HC1 or H 2 S0 4 to some K 2 Cr 2 7 
solution, and deoxidizing each of five portions by one 
of the following methods: in every case the color of 
the liquid will change to bluish green : — 

a. Pass HjS into the hot solution ; white S separates, 

owing to oxidation of the hydrogen. 

b. Add NaHS5 3 or H^SOa and warm. 

c. Add alcohol and boil : the smell of aldehyde will 

be noticed. 

d. Boil for some time, after adding much strong HC1 : 

CI gas will be slowly evolved. 

e. Add Zn and warm : the action of the nascent H 

will be slow in this case. 

The following equations show the reactions which 
occur with HjS and with HC1 : — 

K 8 8 T + 3H.S + 8HC1 = Cr,Cl 6 + 2KC1 + 7H 2 + S* 
K 2 Cr 2 7 + 14HC1 - Cr 2 Cl, + 2KC1 + 7H,0 + 3C1 2 . 

The equations representing the other processes of de- 
oxidation may be drawn out by the student. 

The green solution resulting from the above reactions 
will give all the reactions for a chromic salt (102-104); 
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and since chromic acid is reduced by boiling HCland 
by HJS to chromic salt, the presence of a chromate will 
lead to the precipitation and detection of OjH 6 6 in the 
ordinary course of analysis. 

286a. Hydrogen peroxide (H 2 2 ), or barium peroxide 
(BaO a ), if added to a cold acidified solution of a chro- 
mate, produces an intense blue coloration, which is very 
evanescent : it is far more permanent if ether is first 
added and the liquid is vigorously shaken immediately 
after the addition of the peroxide, when the ether as- 
sumes and retains a blue color ; addition of a few drops 
of strong HNO s is useful. This reaction is extremely 
delicate and characteristic. 

287. AgNO z : purple red precipitate (Ag 2 Cr0 4 ) : 
soluble in AmHO and in HNO a . 

288. PbA % : yeKbwprecipitate (PbCrOJ : soluble in 
KHO, insoluble in HA. 

289. -BaCV # _yellowish white precipitate (BaCr0 4 ) : 
insoluble in HA, soluble in HC1. 

Hydrogen chromate, or chromic acid (H 2 Cr0 4 ?), is 
present in the reddish yellow liquid produced by dissolv- 
ing C1O3 in water and by acidifying a solution of a 
chromate. Its solution evolves CI and becomes green if 
boiled with HC1 ; when neutralized by an alkali it be- 
comes yellow and yields the above reactions for a chro- 
mate. 

Silicates ( — "SiO s ). — Use Na-jSiOs solution, and 
finely-ground sand (Si0 2 ) for a solid. 

290. HC7 added drop by drop to a solution of a 
silicate whilst stirring or shaking it, will give a gelati- 
nous precipitate of H 4 Si0 4 , unless the solution is very 
dilute; the silicic acid, however, frequently remains in 
solution, hence the non-appearance of a precipitate is no 
proof of the absence of a silicate. 

The solution of silicate used for these reactions is made of 
such a strength that acids do not cause a precipitate in it ; but 
by boiling some of it down to a quarter of its volume before 
adding the acid the precipitate is usually obtained. 
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291. If a silicate is present in small quantity, or in 
dilute solution, it may be detected by acidifying the so- 
lution with HC1, then evaporating it to dryness in a 
porcelain dish, and heating the residue to 100° as long 
as acid fumes come off: insoluble SiO a is thus produced, 
and will remain undissolved as a white powder when 
the dry residue is stirred and warmed with strong 
HC1. 

During the last part of the evaporation over a flame, after the 
silica has separated as a gelatinous mass, spurting will occur un- 
less the heat is lessened and the residue is stirred with a glass 
rod : this is best avoided by finishing the evaporation upon a 
water-bath as soon as the liquid thickens. Tne SiO, which is 
left undissolved by HC1, is seen on stirring the liquid and at 
once pouring it out into a glass vessel ; it is soluble in hot KHO 
solution. 

292. AmCl, or Am^CO^, causes a gelatinous precipi- 
tate of H 4 8i0 4 , which usually forms only after a time. 

293. If solid Si0 2 or a silicate is fused into a bead of 
N^COa, it causes frothing, which is due to the evolution 
of C0 2 :— Na^COa + SiO^COa + NagSiOj. 

294. When Si0 2 is fused into a bead of NaAmHPO, 
it is not dissolved, but floats about in transparent par- 
ticles ; and it is visible as little opaque masses in the 
cold bead. The particles of Si0 2 are usually most 
easily visible whilst they are in motion in the fused 
bead. 

Certain silicates, if moistened with Co(NO s ), and heated on 
charcoal in the outer blowpipe flame, become blue. 

Hydrogen sWcate, or silicic acid (H 4 Si0 4 ), can exist 
in solution in water, and has a slightly acid reaction : it 
is ordinarily met with, however, as a colorless gelatinous 
substance which docs not affect the color of litmus, and 
is insoluble in water, very slightly soluble in acids, but 
dissolves as an alkalincsilicatc in solutions of the alkalis 
or alkaline carbonates. When strongly heated it yields 
a white insoluble j>owder (Si() a ), which gives reactions 
293 and 294. 
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Fluorides ( — 'F). — Use finely-powdered CaF 2 . 

The ordinary tests for a fluoride depend upon the liberation 
of hydrofluoric acid, which is allowed to act upon a glass surface 
and to etch or corrode it. 

295. If strong HJS0 4 is warmed with a little finely- 
powdered CaF 2 in a test-tube it liberates HF ; this acid 
etches the glass and causes the sides of the tube to throw 
off the liquid when it is shaken up, as a greasy surface 
throws off water. 

On washing away the cooled mixture and perfectly 
drying the inside of the tube, it will be found to be 
dimmed and roughened : gentle friction with a glass rod 
will often detect the rough surface even when it is not 
perceptible to the eye. 

The etching, if slight, is best seen when the surface 
is breathed upon, or when the glass is so held as to 
observe its surface by the light it reflects. 

296. The test is much more delicate if it is carried 
out as follows : 

A watch glass is carefully heated by holding it in* 
crucible tongs at some distance above a flame; its convex 
surface is then rubbed with a piece of paraffin wax, and 
is thus covered with a melted layer ; this layer may be 
made uniform by once more heating the glass, allowing 
any excess of wax to drop off, and keeping the glass 
moving whilst it cools ; the coating is finally hardened 
by immersion for a short time in cold water. 

Lines or characters are then traced on the glass to- 
wards its centre by gentle pressure with the point of a 
penknife, the object being simply to remove the wax 
from these parts and not to scratch the glass. 

The glass thus prepared is placed with its coated 
surface downwards as a cover to a platinum crucible or 
small leaden cup, which contains a little finely-powdered 
CaF 2 and some strong H^30 4 . After pouring some cold 
water into the glass to keep it cool, the bottom of the 
vessel is heated by a very small flame, and the covered 
vessel is allowed to stand for about fifteen minutes. 
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The watch glass is then removed, and cleansed by 
holding it with crucible tongs above the flame and 
quickly wiping off the melted wax ; on the clean, bright 
surface thus obtained the traced lines will usually be 
visible at once on holding the glass up to the light, but 
if mere traces of a fluoride were present, the tracing will 
become visible when the cold surface is breathed upon. 

297. The above methods do not serve for the detec- 
tion of a fluoride in the presence of a silicate or of silica, 
since under these circumstances the action of HjS0 4 
liberates SiF 4 instead of HF. 

SiF 4 possesses no power of etching glass, but it pro- 
duces white fumes in moist air, and when it is passed 
into dilute Am HO it yields a colorless flocculent pre- 
cipitate of H 4 Si0 4 and produces AmF in the solution : 
the formation of this precipitate is sufficient proof of the 
presence of a fluoride ; but after it has been filtered off 
the AmF may also be detected in the filtrate by adding 
CaCl 2 , filtering off the precipitate of CaF 2 and drying 
and examining it by 296. 

The above method is sometimes employed for the 
detection of a fluoride after intimately mixing SiO, with 
the substance to be tested. 

Use for this purpose a mixture of CaF 2 and SiO, and 
drop a small piece of marble into the tube in which the 
SiF 4 is being evolved, in order to produce COj, which 
will carry that gas over into the Am HO solution. The 
changes which occur are thus expressed by equations : 

2CaF 2 + Si0 2 + 2H.SO, = SiF 4 + 2H 2 + 20aSO 4 . " 
SiF 4 + 4AmHO = H 4 Si0 4 + 4AmF. 

298. CaClt when added to the solution of a fluoride 
gives an almost transparent gelatinous precipitate (CaF 2 ), 
which becomes more visible when the liquid is heated 
or when Am HO is added :_it is slightly soluble in HC1, 
but almost insoluble in HA. 

Solution of NaF may be prepared for this reaction by 
fusing a mixture of powdered CaF 2 and fusion mixture 
on platinum foil for several minutes ; then boiling the 
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cool mass on the foil in water, filtering, and acidifying 
the filtrate with HA. 

Hydrogen fluoride, or hydrofluoric acid (HF), is at 
ordinary temperatures a colorless gas which fumes in the 
air, etches a moist glass surface and dissolves easily in 
water. The solution of HF is acid in reaction and dif- 
fers from all other acids by dissolving Si0 2 . 



Fluosilicates (— "SiF 6 ).— Use HalSiF 6 . 

299. BaCh : white precipitate (BaSiF 6 ), which usu- 
ally appears only on gently warming the solution, and 
differs in this respect from BaS0 4 : it differs from 
BaSe0 4 (493, 7) by being only slightly soluble in boiling 
HC1; it is insoluble in alcohol. Allow this precipitate 
to settle and reserve it for reaction 301. 

The above precipitate somewhat resembles BaS0 4 by being 
rather insoluble in HC1, but it differs in appearance by being more 
or less transparent and crystalline: but fluosilicates differ also 
from sulphates by giving no precipitate with Sr(N0 3 ), or with 
Pb(No 8 ), ; further, when heated with excess of AmHO they yield 
a flocculent precipitate of H 4 Si0 4 and AmF in solution (297) ; 
fluosilicates differ also from sulphates by the following very dis- 
tinctive reactions : 

300. KCl solution when warmed with the solution of 
a fluosilicate gives a very transparent gelatinous precipi- 
tate (KaSiFg), which is only visible after it has been al- 
lowed to settle for a time ; it is insoluble in alcohol. 

301. If strong H2SO4 is added to H^iFg solution or 
to a fluosilicate, and the mixture is heated, HF is given 
off and maybe detected by its etching action on glass 
(296\ 

Tnis reaction is especially useful for ascertaining 
whether a precipitate produced by BaCl 2 consists of or 
contains BaSiF 6 . For this purpose the precipitate from 
299 is allowed to settle; almost all the water is then 
poured off, the remainder is shaken up with the precipi- 
tate and at once poured into a watch glass ; the rest of 
the water is then decanted, and the precipitate which 
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remains on the glass is warmed for some time with strong 
H2SO4 ; on washing and drying the glass, it will be 
found to be corroded (295). 

When the more delicate process (296) is employed, 
the precipitate should be shaken up with the liquid and 
poured off into a platinum crucible or leaden cup ; the 
liquid is then decanted, and the precipitate is warmed 
with strong H28O4, as is described in 296. 

The processes of filtering off and drying the precipi- 
tate may be substituted for decantation, but they are 
less rapidly executed. 

Hydrogen fluosilicate, or hydrofluosilicic arid (HaSiFg), 
is a strongly acid liquid, which volatilizes entirely as 
2HF -f SiF 4 when it is heated in a platinum vessel : if 
this acid is evaporated in a watch glass, the glass is 
etched : it is precipitated by KC1 and by BaCl, (299, 300). 
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REACTIONS OP ORGANIC ACID RADICLES. 

The following acid radicles, although usually classed 
amongst organic compounds, are included here because 
they are of frequent occurrence and their detection is 
usually a matter of little difficulty. 



VII.— CYANIDE GROUP. 

The simple and complex cyanides contain a group of 
elements (CN) known as cyanogen. They yield precip- 
itates witn AgNOj, and evolve HCN when tney are 
heated with dilute H^S0 4 . Many of their salts also 
evolve NH S when they are heated in the solid state. 



Cyanides ( — 7 Cy). — Use KCy solution. 

The alkaline cyanides smell faintly of bitter almonds, owing 
to the escape of HCy. 

303. AgNO z : white precipitate (AgCy), most easily 
obtained by pouring a drop of the KCy solution into the 
AgNO s solution : show with three separate portions that 
this precipitate is soluble in KCy solution added in ex- 
cess and in.AmHO, but insoluble in dilute HNO s . 

If some of thisprecipitate is filtered off and well washed with 
hot water until HC1 causes no milkiness with the last few drops 
of the washing water, then dried, scraped from the filter into a 
porcelain crucible and heated strongly, Ag is left : if this resi- 
due when cool is warmed with a little dilute HN0 8 , it dissolves, 
giving off red fumes, and a drop of HC1 added to this solution 
gives 'a curdy precipitate of AgCl. 

This reaction distinguishes AgCy from AgCl, AgBr and Agl, 
which, like it, are precipitated by AgNO, and are insoluble in 
HNO„ since these, when dried and strongly heated, fuse with- 
out undergoing decomposition ; hence HNO s cannot dissolve 
out Ag, and HCl added to the HNO, gives either no precipitate 
or a mere milkiness, due to the imperfect washing of the pre- 
cipitate. 

This method is somewhat tedious and need seldom be used, 
cyanides being readily detected by the following reactions: 

16 
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304. If some FeS0 4 solution is mixed with several 
drops of FejClg and added to a solution of a cyanide, and 
the liquid is then made strongly alkaline with KHO and 
boiled, then cooled and acidified with HC1, Prussian blue 
(Fe 7// 4 Cfy 8 ) is formed ; this will appear as a deep blue 
precipitate, or if the quantity of cyanide present was 
small, it may remain dissolved, giving a bluish green so- 
lution. 

If no cyanide had been present, the addition of HC1 
would have produced an almost colorless and perfectly 
clear liquid. 

305. If dilute HJ30 4 is added to a cyanide contained 
in a test-tube fitted as is shown on page 138, and then a 
small piece of marble is dropped in and the liquid is 
boiled, HCy will be carried over by the COjgas : if the 
gas is allowed to bubble through some Amjs solution, 
AmCyS will therefore be formed. 

This substance gives with Fe 2 Cl 6 a blood red coloration 
(315), which may be obtained by boiling the AmjS solu- 
tion in a porcelain dish and acidifying it when cool with 
HC1 ; on adding several drops of Fe2Cl 6 the red color is 
well seen against the interior of the white dish ; this 
proves that HCy has passed into the AmjS, and there- 
fore detects the presence of a cyanide. 

A little of this red liquid should be added to some HgCl, so- 
lution ; if the red color is destroyed, it was certainly due to the 
presence of a sulphocyanide. 

On adding HC1 to the Am-S in the above reaction, white S 
will separate, unless the yellow liquid has been previously 
boiled in a porcelain dish until it becomes colorless, filling in 
distilled water as it evaporates ; but this separation of S is ad- 
vantageous, since its whiteness helps to show up even a faint 
reddish tint in the liquid. 

The marble is added to cause evolution of CO, gas, and thus 
lessen the risk of the Am,S being sucked back during the reac- 
tion. 

306. The preceding test can often be more simply per- 
formed by boiling the solution of the cyanide in a porce- 
lain dish with AmjS, which must be added until the yellow 
color remains after the liquid has been boiled for a short 
time : if a dark-colored precipitate forms, this must be 
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allowed to settle or be filtered off before the color of the 
filtrate can be seen. The liquid is then filtered, if neces- 
sary, and acidified with HC1 in the porcelain dish ; on 
adding FegClg in small quantity a blood red color will 
be produced, which is not removed by heat or by the 
addition of a little dilute HC1 ; it is at once destroyed, 
however, when a few drops of the liquid are added to 
some HgCl 2 solution. 

Methods 304, 305, 306 are exceedingly delicate tests for a 
cyanide : 305 and 306, if less readily performed than 304, 
exceed it in delicacy. Method 806 is the more easy of the 
two to perform, and 805 is only used in cases where, after 
boiling with excess of Am^S, the filtrate is dark-colored and 
therefore the red coloration would be invisible. 

HgOy t does not show the reactions for a cyanide by methods 
303, 304, 305 ; but by boiling with Am,S, according to method 
306, AmCyS is obtained in the filtrate from the black HgS 

frecipitate, and will give the red coloration with Fe,Cl 6 . Solid 
IgOy 2 when heated in a small tube closed at one end also gives 
off cyanogen gas, which burns with a peach-blossom colored 
flame. 

Hydrogen cyanide, or hydrocyanic or Prussic add 
(HCy), is a colorless, volatile, inflammable liquid, which 
smells like bitter almonds : it is highly poisonous when 
it is inhaled as vapor or swallowed as liquid : it readily 
mixes with water. The acid is easily detected by the 
teste already given for a cyanide. 

Ferrocyanides (— ""FeOy 6 ).— Use K 4 FeCy 6 .3H 2 0. 

307. JkgCYfl.' dark blue precipitate of Prussian blue 
( Fe 4 Cfy s )* : insoluble in HC1, soluble in H 2 C 2 4 to a 
dark blue liquid, and changed by KHO into brown 
Fe^O, 

The solubility in H a O and insolubility in HC1 are 
shown by pouring off portions, heating tW with HC1 
and H a O respectively, filtering and noting that the fil- 
trate is blue. 

308. FeSO A : light blue precipitate (Fe"K 2 Cfy), 
which becomes darker in color by oxidation on exposure 
to the air, or on addition of CI- or Br- water, or when 
warmed with HNO s : it is insoluble in HC1. 

* See abbreviations on page 75. 



172 FERRI-, SULPHO-CYANIDES. [809-816. 

309. CuSO A : a chocolate colored precipitate (Cu" 2 Cfy), 
insoluble in HA. 

310. AgNO*: white precipitate (Ag 4 Cfy), insoluble 
in HNO s and in AmHO: when heated with HNO s 
this precipitate changes to orange red Ag e Cfy„ which is 
soluble in AmHO. 



Ferricyanides [r i (FeOy s ) s ']. —Use K^FeCy^. 

311. Fe^Cl^: dark green or brown coloration; no 
precipitate is formed, as may be seen by adding much 
water to the liquid. 

ZV&:_FeSO A : dark blue precipitate of TurnbuWs blue 
(Fe ,/ s Cfy a ) : insoluble in acids : blue color destroyed by 
KHO. 

313. O11SO4 : yellowish precipitate. 

314. AgNO $ : orange colored precipitate (AgfcCfy,), 
insoluble in ltN0 3 , soluble in AmHO. Frequently a 
white residue of Ag A Cfy is left on ad ding AmHO, 
showing that K 4 Cfy was present in the K 6 Cfy, solution. 

Sulphocyanides ( — 'CyS). — Use KCyS solution. 

315. Fe 2 Cl 6 : blood red coloration, but no precipitate : 
the color is weakened but not destroyed by HC1, but 
disappears when the liquid is dropped into HgCl* 
solution. 

316. Ferro- and fern-cyanides can be found and distinguished 
by their first three testa, or by the precipitate given by AgNO, 
in the solution acidified with HNO, ; this precipitate will nave 
a more or less decided orange red color if a ferricyanide is 
present ; on filtering or decanting, and warming the precipitate 
with AmHO, white Ag.Cfy will be left if a ferrocyanide was 
present, and on acidifying the filtrate with HNO, orange red 
Ag € Cry t will be reprecipitated. 
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VIIL— OXALATE GROUP. 

The acids and salts containing the three following 
acid radicles differ from the foregoing by being charred 
and emitting a smell of burning when heated in the 
solid state ; with oxalates, however, these effects are 
scarcely perceptible. 

If the salt contains K, Na, Ba, Sr or Ba, the residue 
left after ignition will contain a carbonate which will 
effervesce with an acid, whereas the original unignited 
substance would not do so. 



Oxalates (— "C 2 4 ).— Use Am 2 C 2 4 .2H 2 0. 

317. Strong H^O A heated with a solid oxalate causes 
an effervescence due to the evolution of a mixture of 
COandCO*: 

Am,C,0 4 + 3H 2 S0 4 = CO + CO, + 2AmHS0 4 + H,S0 4 .H,0. 

The CO is detected by burning with a blue flame when 
a light is applied, and the C0 2 by rendering a drop of 
lime water on a glass rod milky. 

No blackening or charring is produced by strong 
HjSOj ; oxalates differ in this respect from other organic 
acids and their salts. 

318. OaGlt or CaS0 4 solution, or lime water, added 
to the solution of an oxalate, gives a white precipitate 
(Ca2C 2 4 ), which is insoluble in AmHO and in HA, 
but soluble in HC1 and in HN0 3 . 

318a. Filter off this precipitate and pour upon part 
of it on a watch glass dilute HC1, it will not effervesce ; 
dry the remainder, and heat it to full redness on plati- 
num foil, it is thus converted without blackening into 
CaCO s , which effervesces with dilute HC1. 

This is a general test for oxalate of K, Na, Ba, Br or Ca, 
since each of these, when it is ignited, leaves a carbonate, 
which effervesces with an acid. 

16* 
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319. An oxalate in the solid state, or in strong so- 
lution, when heated with MnO a and H*30 4 evolves CO s : 

Am 2 C 2 4 + Mn0 2 + 3HjS0 4 - 2C0 2 + MnS0 4 + 

2AmHS0 4 +2H,0. 

Since commercial MnO, usually contains some carbonate, it 
will give off CO, when treated with HJ30 4 . If the MnO, is not 
known to be free from carbonate, it is best to add a little H,S0 4 
to some of the MnO, in a test-tube, and heat to boiling ; if CO, 
is found in the tube by a glass rod with a drop of lime water on 
its end, continue to boil, occasionally Bucking fresh air into the 
test-tube through a glass tube pushed down near to the surface 
of the liquid ; as soon as no CO, can be detected in the tube 
after boiling for a short time, the liquid being still distinctly 
acid, the Am,C,04 is added and the mixture again heated; CO, 
will be rapidly given off and may be detected by the ordinary 
methods. 

Hydrogen oxalate, or oxalic acid (H2C204.2HJO), 
when heated in a glass tube closed at one end, partly sub- 
limes unaltered, and is partly decomposed, evolving vapor 
which causes coughing; it yields reactions 317 and 
318. The crystals dissolve readily in water to an acid 
poisonous liquid. 

Tartrates ( — "C 4 H 4 6 ). — For a neutral tartrate use 
KNaT, for an acid tartrate H,T or NaHT. 

820. A solid tartrate when heated strongly in a tube 
chars, giving off a smell of burnt sugar. 

321. A solid tartrate when heated with strong HjSO* 
rapidly blackens, giving off a mixture of CO, CO, and 
SO* 

322* AgNO* produces in solution of a neutral tar- 
trate a white, curdy precipitate (Ag 2 T), soluble in AmHO 
and in HNO a . Allow some of this precipitate to settle 
in a test-tube, and pour off as much of the clear liquid 
as possible ; then pour very dilute AmHO, drop by 
drop, into the tube, until the precipitate, after being 
shaken up with the liquid, is nearly, but not quite, dis- 
solved; then dip the test-tube into cold water in a 
beaker, which is slowly heated to about 60° ; a brilliant 
mirror-like film of Ag will be deposited upon the interior 
of the tube. 
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If the liquid is quickly boiled, the Ag deposits as a 
dull black precipitate, which does not adhere to the 
glass and is not characteristic. 

323. CaCk precipitates from_the solution of a neutral 
tartrate white or crystalline CaT, which often separates 
only after shaking the liquid well and letting it stand 
for a time ; it is soluble in acids, and its formation is 
retarded by the presence of AmCl and other Am salts. 
This precipitate when freshly formed is completely solu- 
ble in strong cold KHO solution, if_this is free from 
K 2 CO s : on boiling the solution the CaT is reprecipitated, 
but it dissolves again more or less completely when the 
liquid is cold. 

Decant the clear liquid and pour upon the precipitate 
a little very dilute AmHO ; then drop in a small crystal 
of AgNO s and warm carefully, as in 322. A silver 
mirror will form on the part of the glass on which the 
AgNO s crystal rests. 

324. KQ or, better } KA } if added to the solution of 
an acid tartrate, gives a white crystalline precipitate 
(KHT), which forms slowly unless the liquid is vigor- 
ously stirred or shaken. If HA is added at the same time, 
the precipitate may also be obtained with neutral tar- 
trates. The precipitate is soluble in alkalis and in mineral 
acids, but is almost insoluble in alcohol ; hence alcohol 
is often added to hasten the precipitation. 

325. If a few drops of Fe 2 Cl 6 solution are added to 
the solution of a tartrate, which is then made strongly 
alkaline by addition of KHO or AmHO, no precipitate 
will appear. 

The precipitation by alkalis of several other metals, 
such as Al, Mn, Cu, is similarly prevented by the pres- 
ence of a tartrate : this is owing to the formation of a 
double tartrate, which is not decomposed by the alkali. 

Hydrogen tartrate, or tartaric acid (H,T), occurs in 
colorless crystals which do not alter in the air : they taste 
pleasantly acid, and are soluble in water and in alcohol ; 
they are detected by heating them alone or with strong 
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H^O* (320, 321) : if dissolved and neutralized, they also 
yield the reactions in 322, 323. 



Acetates (— 'CJElfi^.)— Use NaA^H^O. 

326. A solid acetate if strongly heated blackens and 
evolves the vapor of acetone, which possesses a peculiar 
smell and burns with a bright flame when kindled. 

827. An acetate, when heated with strong HJSO4, 
evolves vapor of HA, which in large quantity is very 
pungent, but in smaller quantity smells like vinegar. If 
the acetate is first mixed with alcohol, then with strong 
H2SO4, and the mixture is warmed, a fragrant smell of 
ethyl acetate (EtA) is emitted ; this vapor is most strongly 
smelt when the liquid is shaken after it has cooled for a 
short time. 

828. Fe^Cl^ added in small quantity to the solution 
of an acetate causes a deep red coloration : if this red 
solution is made neutral but not alkaline with AmHO 
and then boiled, all the Fe is precipitated from it as light 
brown basic acetate and the liquid becomes colorless. 
The red color of the solution before being boiled is 
changed to yellow by the addition of a few drops of dilute 
HC1, and is in this way distinguished from the colora- 
tion due to sulphocyanide (315.) 

Hydrogen acetate, or acetic acid (HA), is known as 
glacial acetic add; at temperatures below 17° C. it is 
a colorless crystalline substance, which readily melts and 
emits when heated a very pungent and inflammable 
vapor : it is strongly acid, and is completely volatile 
without decomposition. Acetic acid dissolves in water 
readily, imparting its peculiar smell to the liquid in a 
degree depending upon its dilution. 



The reactions for certain other organic acid radicles are 
given at the end of the Sixth Section of this book. 



SECTION Y. 

ANALYSIS OF SIMPLE SUBSTANCES, CONTAIN- 
ING ONE METAL AND ONE ACID RADICLE. 



This section may be neglected by a student who is learning 
the full analytical course. 

Two metals may occasionally be present, as when an alum 
or tartar-emetic [K(8bO)T] is given for analysis; also there 
may be two acid radicles in the liquids given for analysis, since 
a salt which is insoluble in water is occasionally dissolved in 
an acid : but the student should always be informed of this if 
it in any way complicates the analysis. It will not usually do 
so, since in the most commonly occurring case, that of a phos- 
phate dissolved in HC1, the PO. is detected in Group III., and 
accordingly no other acid radicle is looked for. 

Examples of substances for analysis are given in paragraph 
559. 

The numbers in brackets refer to the paragraphs in the text, 
in which tests or processes to be employed by the student are 
fully described. 



Introductory Remarks. 

880. Before proceeding to detect the metal or acid 
radicle in the solution of a simple substance by syste- 
matic analysis, it is best to make a few preliminary 
experiments (333-338a), which will generally give some 
idea as to what substance is present, and will occasion- 
ally detect with certainty the metal or acid radicle, or 
both of them. 

Even if the composition of the substance has been 
proved by this preliminary examination, it is usually 
best to proceed to the next process, which consists in 
endeavoring to dissolve the substance in water or acids, 
(332), if it is not already in the liquid form : the addi- 
tion to this solution of group reagents in appropriate 
succession will then determine the analytical group to 
which the metal present belongs (339). 
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TABLE OF ANALYTICAL 



Table showing the Analytical 



Note.— It will be 
observed that there 
are two divisions of 
Groups II. and' III. 
In analysis it is usual 
to separate the two 
divisions of Group II. 
from one another, 
after having sepa- 
rated the whole group 
from the remaining 
groups ; the two divi- 
sions of Group III. 
are by some analysts 
precipitated together 
and subsequently sep- 
arated ; they are, 
however, often pre- 
cipitated separately, 
and treated as dis- 
tinct groups. 



Metals whose chlorides 
are insoluble in water 
and dilute adds, and 
which are therefore 
precipitated from their 
solutions by hydro- 
chloric acid. 



Gboup I. 

Hydrochioric Acid, or 

/Stiver Group. 



[Lead . 
Silver . 
Mercurosum 



Pb] 
Ag 
Hg' 



1. 



Metals whose sulphides are insoluble in 
dilute acids, and which are therefore 
precipitated from add solutions by 
sulphuretted hydrogen. 



Group IL 
tktiphtntted Hgdrogm Gromp. 



f Group ILa. 
\ Copper Group, 
Sulphides insoluble 
in NaHO and in 
AmjS. 



Mercuricum Hg" 

[Lead . . Pb] 

Bismuth . Bi 

Copper . Cu 

Cadmium . Cd 
2. 



( Group JXb. 
( Arttntc Group, 
Sulphides soluble 

in NaHO and in 

AmtS. 



Tin . 

Arsenic 

Antimony 



8n 
As 

8b 



la the preceding table the metals are classified in 
their analytical groups, each group being headed by its 
distinctive number and name, and by the name of the 
group reagent which serves to precipitate its members 
and to separate them from those of the succeeding 
groups. 

After discovering to which of the above analytical 
groups the metal present belongs, it is identified by the 
properties or appearance of the group precipitate ; then 
its presence is confirmed, if necessary, by special tests 
made on the precipitate or on another portion of the 
original solution* (344-348). 

The acid radicle, if it has not been already detected 
during the examination for the metal, is tested for in a 
less systematic manner. A few preliminary experi- 
ments are first performed (335-338a) ; and if these do 
not detect the acid radicle, it is found partly by a sys- 
tematic examination, which includes that described 
above for the detection of the metal, but more com- 
monly by special tests (349-356). 

* By the original tolution is meant the solution of the substance, 
or the pubstance itself, if a liquid is under analysis, to which no re- 
agent has been added. 
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Classification of the Metals. 



Metali which are precipitated as hydrates 
from their solutions containing ammo- 
nium chloride when made alkaline with 
amniouia, or as milphides or hydrates 
when ammonium sulphide or sulphu- 
retted hydrogen is subsequently added. 



Group ELI. 

Ammonia ana Ammonium 

Sulphide Group. 



{ 



Group III.a. 

Ammonia or Iron 

Group. 



Aluminium 

Iron 

Chromium 



4. 



Al 
Fe 

Cr 



f Group III.b. 
J Ammonium Sul- 
] phide or One 
I Group, 



Zinc . Zn 

Manganese . Mn 

Nickel . . Ni 

Cobalt . . Go 

5. 



Metals whose carbo- 
nates are precipitated 
by addition of ammo- 
nium carbonate in 
the presence of am- 
monium chloride. 



Group IV. 

Ammonium Carbonate 

or Barmm Group. 



Barium 

Strontium 

Calcium 



Ba 
Sr 
Ca 



Metals whose solutions 
are not precipitated 
by any of the fore- 
going group-reagents 
in the presence of 
ammonium chloride. 



Group V. 
Pot an k m Group. 



Ammonium 
Potassium 
Sodium . 
Magnesium 

7. 



NH 4 
K 
Na 
Mg 



A substance which is insoluble in water and in acid 
is examined according to the special directions in 367- 
370. 

Since in these analyses only one metal and one acid 
radicle are to be looked for, the examination for the 
metal is carried no further when one metal has been 
detected with certainty, and the examination for the 
acid radicle is similarly at an end when the presence of 
one such radicle has been satisfactorily proved. It must, 
however, be understood that substances given for analy- 
sis are liable to contain impurities, which will yield only 
slight indications ; if in the course of analysis, therefore, 
only a slight result is obtained, proceed until some sub- 
stance is detected in larger quantity, entering against the 
slight result, Trace of . 

The separation and washing of a precipitate by decaw- 
tation (30, 31) is recommended whenever it is possible. 

In making the analysis, each result must be fully 
entered in the note-book as soon' as the experiment has 
been performed, the form of entry being the same as that 
adopted for the directions in the text. 
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DIRECTIONS FOR THE ANALYSIS OF A 
SIMPLE SUBSTANCE. 

The substance given for analysis may be either a solid 
or a liquid. If it is a solid, examine it by 331 ei seq., 
omitting 334; if a liquid is to be analyzed, begin at 334. 



THE SUBSTANCE IS A SOLID. 

331. Make a careful examination of the properties of 
the substance. 

Note its color. The following are some of the most 
commonly occurring colored substances : 

Blue : hydrated cupric salts, anhydrous cobalt salts. 

Yellow : normal chromates. 

Brownish yellow : ferric salts, PbO. 

Orange red: certain di chromates. 

Bed: HgO, Hgl,, HgS, Pb s 4 . 

Green : Cr,O a , CuCl,, salts of Ni and Cr. Pale green : ferrous 
salt. 

Pink: hydrated cobalt salts. Pale pink: manganous salts. 

Dark brown : PbO,. 

Black: SbAi CuO, MnO„ FeS. 

White: anhydrous salts of Cu and Fe // , and many other 
powdered substances. 

Also try its smell, and observe whether it is in pow- 
der, crystals or non-crystalline pieces; carefully write 
down any appearance or property which may strike you 
on examining the substance with the naked eye or with 
the assistance of a lens. 

After noting down the results of this examination 
the substance is to be powdered as finely as possible. 

If the substance possesses metallic lustre or appear- 
ance, work as is directed under 366: if it is not metallic 
in appearance, proceed to ascertain its solubility by the 
directions contained in 332, and, according to the result 
thus obtained, conduct the further analysis of the sub- 
stance by 333 or by 367. 
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Solubility op the Substance* 

832. Since the method of examination of a solid 
substance depends upon whether it is soluble or insolu- 
ble in water or acids, the following experiments are 
tried. 

Place a small quantity of the findy-pvwdered sub- 
stance in a broad test-tube or boiling-tube ; fill the tube 
about one-third with water, and heat to boiling : 



1. The smbstance 
dissolve*. 

After examining 
a portion of the 
•olid substance 
by the prelimi- 
nary teats (333 
and 335-338a) 
proceed to ex- 
amine the color 
and reaction of 
the liquid to 
litmus by 334, 
I., II., and re- 
fer to 339 for 
directions for 
analysis. 



The substance doe* not dissolve. - heat a fresh portion with dilute HC1 to 
bulling ; if it does not dissolve, decant and boil the residue with strong 
HC1 :— " 



2. Tits 
dissolve*. 

Absence of Group 
I., except pos- 
sibly Pb. 

After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tests (333 
and 335-338a) 
note the color 
of the HC1 solu- 
tion (334, I.), 
and proceed to 
examine it for 
the metal by 
339. 



The substance dot* not dissolve : put aside the test-tube 
containing the substance with HC1, and stir a fresh 
portion of the substance with a little dilute HNO s : 
if it is not dissolved, boil. If dilute HNO, does not 
dissolve it, heat with a little strong HNO, :— 



3. The smbstance 
dissolve*. 

After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tests (333 
and 335-338a) 
note the color 
of the solution 
in HNO, (334. 
I.) and examine 
it for the metal 
by 339. 

.Note —Before test- 
ing for Group 
II., add strong 
HOI and boil 
down consider- 
ably.* 



The substance doe* not diesolve : mix 
together the contents of the two 
tubes in which the substance was 
heated with IIC1 and with HNO* 
and heat the mixture : — 



4. The substance 
dissolve*. 

After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tests (333 
and 335-338a) 
examine the so- 
lution in HNO, 
and HC1 mixed 
for the metal 
by 339. See 
Note, column 3. 



5. The substance 
doe* not dissolve. 

Examine a fresh 
portion of the 
substance by 
367 el seq.. 



• This method of proceeding removes HNO* which would cause with H*S a deposit of S. 

17 
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Preliminary Examination op a Soluble Solid. 

333. The Table is thus arranged : in the first col- 
umn is placed the experiment to be made ; in the second 
a list of the results, any one or more of which may be 
observed ; and in the third the inferences to be drawn 
from the results. Confirmatory or supplementary ex- 
periments are occasionally entered ; they are, however, 
only to be tried when the result preceding them in the 
second column has been noticed. 

A more complete preliminary examination will be 
found in 387-405. 



Experiment 


Observation. 


Inference. 


I. Heat a portion of 
the substance in an 
ignition tube, or in 
a small dry test* 
tube, first gently 
and at last to red- 
ness. 

Confirmatory. — Boil 
another portion of 
the substance with 
KIIO solution. 

Confirmatory. — Mix 
another portion of 
the substance with 
about three times 
as much powdered 
Na,CO a and KCy ; 
dry and heat In an 
ignition tube. 


I. The substance does not change . 


Absence of volatile, 
fusible and organic 
substances, and of 
water. 


II. The substance changes : — 

1. Drops of water condense in the top of the 

tube. 

2. The substance fuses easily 

S. The substance sublimes .... 

A smell of NHg is evolved and white fumes 
appear when a rod moistened with 
strong HC1 is held to the mouth of the 
tube. 

A grey sublimate of minute metallic glob- 
ules, best seen by a lens. 

A black mirror-like sublimate 


Presence of HjO. 

Probable presence of 
a salt of Na or K, or 
of Ba, 8r, Oa, Mg. 

Presence of a salt of 
NH* As, or Hg: 
possibly also of 
HtCjO* of S (yel- 
low), and of I (pur- 
ple vapor). 

Presence of NIL.. 
Confirm by NaHT 
(63), and proceed 
to 336. 

Presence of Hg. Poor 
AmHO upon the 
original substance; 
if it blackens, tig* 
is present as a mer- 
curotu compound. 

Presence of As. 


4. The substance blackens, and gives off 00* 
which makes a drop of lime water on a 
glass rod milky. 

The cool residue in the tube effervesces 
with HO, whereas the original substance 
did not. 

(Continued on nmd jxys). 


Presence of an or- 
ganic acid radicle, 

probably A, 6 or f : I 
the last is known 
by a smell of burnt 
sugar. 
The organic acid 
radicle is united ; 
with K, Na, Ba, | 
8r, Oa, or Mg. j 

l 
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Experiment 



Observation. 



II. Dip into the pow- 
dered substance a 
moistened loop of 

ijlatianm wire, and 
told the loop in 
the Bunsen flame ; 
moisten with strong 
HC1, and again hold 
in the flame. 



5. Gas or vapor is given off : smell the va- 
por: — 

Bed nitrons fumes, recognised by their 

smell. 
SO* known by its smell and by turning 

&tGrfO| solution green. 



CI, Br, I. known by smell and color : Br 
and I by action on starch paste, and CI by 
bleaching moist litmus. 

A slip of wood with a spark at its end, 
glows brightly or bursts Into flame. 



The gas can be lighted and burns at the 
mouth of the tube ; note the color of the 
flame : — 

Pale greenieh fellow: the gas burns explo- 
sively, and nitrous fumes are seen. 

Bright white, the unburnt gas smells of 
garlic. 

Peach-bUmom colored flame, grey sublimate 
of Hg. 



6. The substance changes color : — 



Yellow, hot, 

Yellow brown, " 
Dark red or ) 
brown, ) 



!« 



White, 
Yellow, 

Bed-brown, 



cold. 

(4 
<l 



I. The flame is not colored . 



II. The flame is colored : — 
Intenee yellow* . 



Pale Mac,* appearing crimeon red through \ 
the indigo prism / 



Bed 



Green 



Blue 



Appearing green through the 
indigo prism ... 

Appearing intenee red through' 
the Indigo prism 



Yellowish 
Bright green, with blue centre) 
after moistening with HC1. f 
Bright green .... 



< Pale blue, livid 
\rwidblue . 



Inference. 



From nitrate of a 
heavy metal. 

From combustion of 
free 8 or a sulphide ; 
possibly also from a 
sulphate, sulphite, 
or theiosulphate. 

From certain chlo- 
rides, bromides, or 
iodides, also free I. 

from chlorate or ni- 
trate, or NjO from 
decomposition of 



Presence of NH&, from 
strongly heated 

NH4NO* 

Presence of PH* prob- 
ably from a hypo- 
phosphite. 

Presence of Cy, from 



ZnO 

PbO, SnOf or Bi,Oj 

FeA 



Probable absence of 
the substances enu- 
merated below. 



Presence of Na. 



K. 



If 


Ca. 


11 


Sr. 


II 


Ba. 


l» 


Cu. 


•1 


BiO> 


Presence of As, 8b, Fb 
„ CuCl* 



• If the coloration for Na or K is intense, no further examination for the metal is necessary, 
but the presence of K should be confirmed by stirring with NaHT(48). Proceed to 335. If the 
coloration is slight, a trace only of the metal is present, and the examination for another metal 
is continued. 



184 



PRELIMINARY EXAMINATION 



[333. 



Experiment. 



III. Heat a portion of 
the substance, in a 
carity scooped on 
charcoal, in the 
blowpipe flame. 

Confirmatory.-— Detach 
a small portion of 
the white mass, place 
it on red litmus pa- 
per and moisten it 
with a drop of 
water. 

Confirmatory' — If the 
moist residue is not 
alkaline to test pa- 
per, moisten the re- 
mainder on the char- 
coal with Co(NO s )s 
solution and heat 
again strongly in the 
blowpipe flame. 



IT. Fuse a small 
quantity • of the 
substance into a 
clear, colorless bo- 
rax bead first in the 
inner then in the 
outer flame, noting 
In both cases the 
color of the bead 
whilst hot and when 
cold. 



Confirmatory. — The 
presence of Cr or Mn 
may be confirmed by 
fusing a portion of 
the substance on 
platinum foil or wire 
with Na.00, and 
KNQ,. 



Obeenration. 



1. The charcoal "deflagrates," or burns rap- 

idly. 

2. A white mass is left on the charcoal which 
does not fuse, and shines brightly when 
strongly heated. 

The red paper becomes blue In a short time 
where the substance rests. 



A blue residue . 

A pink residue . 
A free* residue 



3. The residue is not white and does not con- 
sist of globules of metal, neither is there 
any incrustation formed upon the charcoal ; 
proceed to Exp. IV. 

4. The residue contains metallic globules or 
an incrustation forms on the charcoal ; pro- 
ceed to Exp. Y., omitting Exp. IV. 



I. The bead is colork 
flames both. 



when heated In 



II. The bead is colored 

In outer flame. 
Qreen, hot ; Mas. cold. 
Blue, hot and cold. 
Brow* or <ftft0V) 

purple, hot; tight f 

brown, cold. 
Brown, hot ; yellow, 

cold. . , 

Green, f hot and cola. I 

Purple, hot and cold. 



In inner flame. 
Red or colorlee$ 
Blue, hot and cold 

Grey or black, hot) 
and cold J 

Bottle green, hot and ) 

cold . J 

Green, hot and cold 

Oolorteet, hot and 1 

cold / 



A yellow mass on cooling 

A bluitk green mass on cooling 



Inference. 



Presence of a nitrate 

or chlorate. 
Presence of Be, Sr, 

Oa, Mg, Al, or Zn. 

Presence of Be, 8r, 
Oa, or possibly of 
Mg. 



Presence of Al, or 
possibly of a phos 
phate, silicate, or 
borate. 

Presence of Mg. 



»! 



Zn. 



Absence of the metals 
below. 



Presence of Cu. 
Co. 

NI. 



it 

>t 
it 
ii 



Fe.f 

Cr. 

Mn. 



Cr. 
Mn. 



1 



* It is necessary to adjust carefully the quantity of substance fused into the bead ; if too 
much is used, the bead will often appear opaque ; if too little is employed, one of the metals 
may escape detection. It is beet at first to fuse only a minute quantity into the bead, adding 
more if no color, or but a faint color, is produced. 

t Or if present as a chromate gives a bead brown whilst hot, after baring been fused in the 
outer blowpipe flame ; but this brown color is not reproduced in the case of Cr when the bead, 
after becoming green by being heated in the inner ilumo, is again heated in the outer flame. 
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Experiment 



V. Mix the substance 
in a small carity on 
wood charcoal with 
Na-COs and KCy, 
and heat strongly in 
the inner blowpipe 
flame for several 
minutes. 



If metallic globules 
are obtained, detach 
one and strike it 
sharply on the bot- 
tom of an inverted 
mortar with the pes- 
tle, and note whether 
it is crushed to pow- 
der (brittle) or merely 
flattened out into a 
cake (malleable). 

If the globules are 
white and malleable, 
take one upon the 
point of a penknife 
and see if it will 
mark paper as a 
black-lead pencil 
does. 



Observation. 



Metallic scales or globules are obtained, or an 
incrustation forms on the charcoal : — 



} 



Globule*. 
White and brittle. 
White and brittle. 
Red and malleable. 
White and malleable, 

marking paper 

easily 
White and malleable, 

not marking paper 

and readily fusible. 
White and malleable, s 

not marking paper, 

fusible only with 

difficulty. 



None 



None 
None 



Incrustation. 
White 
Yellow . 
None 

Tettow 



None 



None ... 

Yellow whilst hot, 
white when cold ; 
becomes green 
when moistened 
with CofNOs), 
solution and re- 
heated in the 
outer flame. 
Brown ... 
White; on smelling 

the charcoal a 

smell of onions is 

perceived. 



Inference. 



Presence of Sb. 
Bi. 
Cu. 



ii 
n 



II 



II 



If 



Pb. 



Sn. 



Ag. 



ii 



it 



ii 



Zn. 

Gd. 
A*. 



After the completion of the preliminary tests for the metal, a 
solution of the substance is made according to the directions in 
332, and this solution is examined as is there directed. 
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334. Preliminary Examination of a Liquid. 



Experiment. 



I. Note the 
the liquid. 



color of 



Note.— It the color 
has to bo observed by 
night, it should be ex- 
amined by the white 
light obtained by 
burning a piece of 
magnesium ribbon. 
Delicate tints are best 
seen by looking 
through some thick' 
ness of the liquid at a 
sheet of perfectly 
white paper. 



II. Dip pieces of red 
and blue litmus pa- 
per into the liquid. 



Observation. 



L The liquid is colored : — 
( Very delicate 
Pink 1 

Intense 
Very delicate 

Green • 

I Intense 
(Reddish yellow 

Yellow 1 

(Light yellow 

Bine 

Violet or purple 



II. The liquid is colorlc 



72 is neutral 

(Not affecting the color of either paper.) 



JtUaetd 

J Turning blue paper red.) 
ding Na,CO, to a part of the solu 
tion' and wanning, no effervescence occurs, 
free acid and acid salt are absent. 



Ilie alkaline 

(Turning red paper blue.) 
If the color of the paper becomes only 
slightly changed it indicates the probable 
presence of an alkaline salt. 



Inference. 



ti 



»» 



Presence of Mn or di 

lute Co solution. 
Presence of Co. 

Fe'\ or Ni or Cr 
in dilute solu- ' 
tion. 
Ni, Cr, or Cu. 
Fe'" or a bichro- 
mate, 
neutral chro- 



•» 



Cu. 
, , Cr or a 



i» 



ganate. 



Absence of Co, NI, 
Cr, Cu, Ac 



Absence of free adds 
and alkalis, and of 
all salts but some of 
those of Am, Na, K, 
Hg, Ba, 8r, Ca, Ag. , 



Presence of a free 
acid, of an add salt, 
or of a salt with acid 
reaction. 



Presence of a hydrate 
of K, Na, Am, Ca, 
8r, or Be, or of a 
salt with 
reaction. 
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Experiment 


Observation. 


Inference. 


IIL Evaporate (27) 
some of the liquid 
; upon a thin watch 
glass* heated very 
gently by support' 
log it tome inches 
above a small flame 
upon a piece of 
wire gauze, or by 
means of a sand or 
water bath. 

If a residue remains 
on the glass, bring 
this gradually into 
the flame and heat 
It more strongly. 


On being strongly heated the residue blackens 

The smell resembles that of burning sugar. 

Note.— If the cold residue after ignition effer- 
vesce* with a drop of HOI, whereas the unig- 
nited residue did not, the organic acid radicle 
is united with Ba, Sr, Ca, Mg, Na, or K. 
The results in Exp. I., par. 333, may be here 

observed and should be noted. 
Keep this residue for Exp. VL 


Presence of some dis- 
solved solid. 

Pros, of T. 


If the liquid is also colorless, tasteless,' and 
without action on litmus paper, it must consist 
only of distilled water, and no further exami- 
nation of it need be made. If the liquid is alka- 
line, NH* must be looked for; if it is acid, 
HtGOt, HjSO* Ha, HNO». HgSO* and other 
volatile acids only need be tested for. 


Absence of any dis- 
solved solid. 


IV. Add excess of 
strong NaHO or 
KHO solution and 
boil (51). 


A smell of NH 8 ; moist red litmus is turned 
blue, and a rod moistened with strong HC1 
produces white fumes when held in the 
mouth of the test-tube. 


Presence of NH 4 . 

No further test need 
be tried for a metal. 
Proceed to 335. 


T. Experiment II. (page 183) is then tried by dipping the platinum wire into the liquid, con- 
centrated, if necessary, by evaporation. 


VL Experiment IV. (page 184) is tried by fusing some of the residue from Exp. III. (above) 
in the borax bead. 



* A pieoe of thin glass from the side of a broken flask is a cheap and useful substitute for a 
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Preliminary Examina- 

335. Pour dilute H^30 4 in excess upon the substance in a test- 

336. A gas is evolved, shown by effervescence or by a charao- 



1. Colorless gae with- 
out smell. 

A drop of lime 
or baryta-water 
hfld in the tube 
upon the end of a 
glass rod becomes 
milky : — 
l*re$ence of a car- 
bonate. 



2. Oat smelling of burning sul- 
phur. 

A drop of KfGrgOf solution held 
in the tube upon the end of a 
glass rod becomes green : — 
Preeence of a sulphite. 



2a. The SOj gas is given off 
only after standing for a time 
or on warming, and yellow 8 
separates: — 

^L 9 ^pS^B>#^N^V ^^# ** SjSw^pSwy^^WSjF'SeSjSSJ^p^ 



3. Gae with a most 

A slip of filter paper 
moistened with 
alkaline solution 
of PbAfe and held 
in the tube, is 
blackened : — 
Preeence of a sul- 
phide. 



4. Yellow 
imgof 



oT 



A slip of moist 
litmus paper held 
in the tube is 
bleached: — 

P r es ence of a hypo- 
chlorite. 



337. Add strong Hji0 4 in small quantity to a fresh portion 
whether any of the results enumerated below occur ;* if none of 



1. Fumes are evolved with pungent tmeU and acid reaction to litmus 
paper, the liquid is not colored : — 

Preeence of a chloride or nitrate. 



Confirmatory. — Hold in the 
fumes a glass rod moistened 
with a solution of AgNQj 
acidified with HNO,: the 
solution on the rod becomes 
milky : 

Pree e nce of a chloride. 

Confirm by 361. 



Confirmatory. — Drop into the 
acid some small pieces of 
Cu, reddish brown gas is 
evolred : — 

Preeenoe of a nitrate. 



2. The liquid becomee yellow 
or red, and a chlorome emeU 
ie given off : on warming 
the tube a crackling noise 
or slight explosion Is pro- 
duced: — 

Preeence of a chlorate. 






Gonfirmatorp. — To a portion 
of the cold solution of the 
substance in water add a few 
drops of dilute indigo solu- 
tion, then some H*90w the 
blue color of the indigo Is 
destroyed. 



J 






338. After heating the tube containing the strong H,S0 4 and 
porcelain dish for 338a ; rinse out the tube, and dry the in§ide 
fluoride is shown. The presence of a fluoride, if decisively indi- 

338#' Add alcohol to the liquid in the porcelain dish, mix by 
greenish tinge, it shows: Presence of a borate. Confirm by 358. 

* If Pb f Ba, Sr, or Ca is present, the addition of HfSCk causes a precipitate of the 
t It is best to compare this smell with that evolved whan NaA is similarly treated, 



< 
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TION FOR THE ACID RADICLE. 

tube, and observe the effect produced* ; then heat to boiling : 
teristic smell ; see below : 



6. Reddish brown fume* are 
evolved, best seen by looking 
down the tube at white 
paper- 
On adding a little cold dilute 
HJSOj and FeS0 4 solution to 
a fresh portion, a deep brown 
liquid is produced : — 
Pretence of a nitrite. 



6. Smell of HOg. 

Test for a cyanide and a 
ferro-, ferri-, and sulpho- 
cyanide in the original 
substance by 361. 



Smell of Vinegar. 
Refer to 337, 4, below. 



No got is evolved : — 

Absence of carbonate, sul- 

Shite, theiosulphate, sulphide, 
ypochlorite, nitrite. 

Pass on to 3S7. 



of the substance, mix well by shaking, heat gently and note 
them is noticed, pi*oceed to 338 and 338a : 



3. A reddish brown or violet color is 
produced in the acid, and no explo- 
sion or crackling occurs on warm- 

tog:— 
Presence of a bromide or iodide. 

If, on heating the mixture, colored 
vapor is evolved (see note), hold in 
the vapor the end of a glass rod 
covered with moist starch powder : 
the starch becomes brown : — 
Presence of a bromide. 

The starch becomes bluish black : — 
Presence of an iodide. 

Note. — The vapor is much more 
easily obtained bv mixing the sub- 
stance with MnOu powder, before 
adding HjS0 4 and heating. 



4. AsmeU of 
gear is noticed : — 
Presence of an 
acetate. 



Confirmatory. — 
Add to a fresh 
portion of the 
substance some 
alcohol, then 
strong HjSOj; 
a fragrant smell 
proves an ace- 
tate.f 



5. A mixture 
CO and 



of 
CO. 

gases is given off: 
found by a drop 
of lime-water 
held in the tube 
being turned 
milky, and by 
the 00 burning 
with a blue 
flame when kin- 
dled :— 
Presence of an 
oxalat e . 



6. The substance 
blackens and 
evolves gases, 
amongst which 
SOg is recog- 
nized by its 
smell and its ac 
tion on KgCrfO? 
solution : — 
Probable pre** 

sence of a tartrate. 

Confirm by 

364. 



substance, let it stand for some time, then pour the liquid into a 
thoroughly ; if it is seen to be corroded and dimmed : Presence of a 
cated here, requires no confirmation. 

stirring, heat the dish and kindle the alcohol ; if the flame has a 



insoluble sulphate : this may be disregarded. 

since a mixture of alcohol and H1SO4 when heated evolves a somewhat fragrant smell . 
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339. GENEKAL TABLE FOR THE 

If the metal has not been detected in the preliminary ex- 
Group it belongs (see Table pp. 178, 179), and then trying 



A part of the solution (332) of the substance, if acid (340), is mixed with dilute HC1 (341) ; 



The precipitate may 
be— 

AgCl— white. 
Hg.Cl,-» 
PbCIr- " 



Examine for the 
metal by Table L 
(344). 



Into the same part of the solution (342) HgS to passed, or H,S 
to heated to boiling : — 



The precipitate may 

HgS— black. 
PbS- •• 

CuS— " 
OdS— yellow. 



SnS— brown. 
SnS*— yellow. 
8bjSj— orange. 
A*|8j— yellow. 



Examine for the metal by 
Table II. (346). 



To a freak portion of the solu- 
[Oomtkm. — If a tartrate or 

evaporating the liquid must 

dilute HCL and tested by 
If AmHO added after AmCl 

AmHMoO* and warmed. 

ckromot* (343) or fluoride 



Al,Ho»-{ 



The precipitate may 

Colorless and 
transparent 
Cr s Hog— pale green. 
FenHoa— reddish brown. 

{dingy green, 
turning brown 
in the air. 

Examine for the metal by Table 
III.A (346). 



If the precipitate to opaque or 
white and has none of the above 
appearances, refer to 367. 



If no metal can be found, the sub- 



NOTES TO THE GENERAL TABLE. 

340. If the liquid is neutral or alkaline, a portion of it is made 
just acid by slowly dropping in dilute HNO, ; if this produces 
no precipitate or a precipitate which dissolves on adding more 
HNO,, another portion of the liquid is examined by the above 
table. 

If a precipitate forms, which is not dissolved by adding more 
HNO„ it may consist of a colorless gelatinous H 4 SiO« from a 
silicate, or finely-divided S which is precipitated white from 
a polysulphide, and yellow from a theiosulphate ; or of 
Sn0 2 , or metastannic acid, or Sb„Oft (all white) ; it may also 
possibly be SnS,, AsjS, (both yellow), SbjS. (orange-red), these 
sulphides being precipitated from a sulphostannate, sulphar- 
semte, or sulphantimonite. 

If H 4 Si0 4 separates, it is best to evaporate the acidified solution 
quite to dryness and then heat the residue with dilute HC1; an 
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EXAMINATION FOR THE METAL. 

animation, it is most rapidly found by ascertaining to which 
special tests for each member of the Group. 

if any precipitate forms, more HC1 is added and the liquid heated : — 

water is added to it (343), the liquid is then dilated, and if no precipitate has formed, it 



tion AmCl is added, then AmHO in excess : — 

oxalate has been found by 337 some of the solid substance or the residue obtained by 
be strongly heated on a piece of porcelain ; the residue on cooling is then dissolved in 
AmCl and excess of AmHO.] 

§ reduces a precipitate, a few drops of the original solution are added to some 
hould a yellow precipitate form, indicating the presence of a phosphate, or should a 
(338) hare been found, refer to 357 for the examination of the Group II I. a precipitate. 

To the same portion add a few drops of AmgS, or HjS-water : — 

[Note. — Before adding AmjS the liquid may be blue, showing presence of M, or violet from 
dissolved CrjHog ; the latter must be precipitated by long boiling in a porcelain dish 
before adding AnoijS.] 



The precipitate 
may be — 

ZnS— white. 
MnS— pink. 
NiS— black. 
Oo8— •• 
[FeS— " ] 



Examine for the 
metal by Table 
HI.B (347). 



To the same portion add AmjCOa : — 



The precipitate 
may be : — 

BaOOj- white 

SrOOg— 

CaCOr- 



•c 



Examine for the 
metal by Table 
IV. (348). 



To the same portion add NajHPO* warm 
gently and snake well : — 



A white crystal- 
line precipitate 
proves pretence 
o/Mg. 



The metal still pre- 
sent may be NH 4 , 
Na, K ; it should 
have been de- 
tected already in 
the preliminary 
examination by 
Tests L or II. 
(333). 



stance is probably an acid (334, II.). 

insoluble residue confirms the presence of a silicate, it is filtered 
off and the filtrate tested for the metal by the above general 
table. 

Any other substance insoluble in dilute HNO s is filtered off 
and may generally be known by its appearance : further, SnO, 
becomes yellow and Sb 2 Os orange when moistened with H,S 
water ; metastannic acid becomes golden yellow if moistened 
with SnCl, solution. 

341. Make a note of any changes which occur on the addition 
of HC1 ; gases may be evolved (336), or a yellow solution may 
become reddish yellow, which renders probable the presence of 
a neutral chromate. 

342. Before HjS is added the liquid must be heated, and if 
any smell of CI or of SO, or brown nitrous fumes should be 
perceived, the solution must be boiled down nearly to dryness, 
then dilute HC1 added and H,S added at once. During evapora- 
tion gelatinous H 4 Si0 4 may separate (340). 
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ANALYSIS OF A SIMPLE SUBSTANCE. [343, 344. 



343. The following changes occurring on the gradual addi- 
tion of H^S are of importance. If the precipitate is white at 
first, then brovm, and at last black, the presence of Hg" is 
shown; if the solution is strongly acid and gives area pre- 
cipitate, becoming black on dilution with H^S- water, Pb is 
present. 

A separation of white 8 may occur, accompanied by the fol- 
lowing changes of color, which are characteristic and should 
be noted down : — 

A reddUk yeUow solution changing to pal* green indicates a ferric nit. 
A reddiek yellow " " bright green " chromate. 

A green " " colorless '* manganate. 

A purple " " colorless " permanganate. 



The precipitate of S is known by being perfectly white and 
running through a filter ; it need not be further examined. 

A yellow precipitate which forms only on boiling the liquid 
may be As^Oj from an arsenate, or SnS, from a stannic salt. 



844. TABLE L-SILVER GROUP. 

A white precipitate forms on addition of HC1, and is 
either not dissolved when boiled with HC1, or it dis- 
solves and reappears in crystals on cooling the liquid, 
showing the presence of Pb. The precipitate may con- 
sist of AgCl, PbCl,, Hg 2 Cl,. 

Let the precipitate settle and decant the liquid ; boil 
the precipitate in the test-tube with AmHO : 



1. The precipitate diteolvei, 
at least in part, see note 
below: — 

Preeence of Ag. 

Confirm by adding excess of 
HNO, to the AmHO eo- 
lation, a milkiness ap- 



Note.— Coagulated AgCl 
often dissolves only slowly 
in AmHO. 



2. The precipitate doee not dissolve:— 



The color of the precipitate 

ie unchanged : — 

Preeence of Pb. 

Confirm by decanting 
the liquid, dissolving the 

Srecipitate in HA, and ad- 
ing K,CY0 4 to the solu- 
tion ; a yellow precipitate 
forms. 



The precipitate become* 
black : — 
Preeenee of Hg* 

(Mercuromm). 

Confirm by immersing 
a bright slip of copper 
in a portion of the ori- 
ginal solution, nude 
arid with a few drops (if 
IINOj; a grey deposit 
forms on the Cu, whtrh 
becomes white and bright 
when rubbed. 
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Note the color of the precipitate yielded by H,S : — 



l. The precipitate is dark brown or black ; it may consist of SnS, CuS, HgS, BLS* PbS. 

Add pare NaHO in excess to a small quantity of the liquid and precipitate, or of the precipi- 
tate alone after decanting the liquid if possible, and boil : — 



The precipitate die- 
eolvet : to a portion 
of the NaHO solu- 
tion add IIC1 in 
excess, brown SnS 
is reprecipitated. 

Boll another portion 
of the precipitate 
after adding a little 
yellow ArojS, then 
add HOI in excess, 
a yellow precipi- 
tate of SnaU :— 
Pretence ofSn" 
(Stannosnm). 



The presence of 8n" 
should bo con- 
firmed by adding 
HgClj to a part of 
the original Ha 
solution, a white 
precipitate shows 
Pretence of Sn". 



The precipitate doee not dissolve: it may consist of CuS, HgS, Bi^S* PbS. 

<i. The original solution it blue or greeny and becomes intensely blue on 
.addition of excess of AmHO : — Pret en c e of On. Confirm by adding a few 
drops of HjS0 4 to 4he original solution, and dipping into it a bright knife- 
blade or piece of steel, a red film of Cu deposits. 

0. The original solution it colorless. Test in separate portions for Hg, Bi, 
Pb by the following special touts : — 



Immerse in the acid 
solution a bright 
strip of Cu ; a grey 
film is slowly de- 
posited, which be- 
comes brilliant 
white when 
rubbed: — 
Presence of Hg" 
(Mercuricum). 

Caution.— A salt of 
Hg/ may have been 
converted into an 
Hg" salt during 
solution in HNO,. 
The original sub- 
stance should 
therefore be 
treated with 
AmHO; if it 
blackens, Hg' was 

6r e s e n t ; If not, 
g" was originally 
in the substance. 



Pour another portion of 
the original solution into 
much cold distilled 
water; a white precipi- 
tate or milkiness : — 
Presence of BL 

Note.— It Bi is sus- 
pected and no milkiness 
appears, add excess of 
AmHO to the liquid; Bi 
if present falls as hy- 
drate ; filter, pour one or 
two drops of boiling HC1 
upon the precipitate, and 
let them drop through Into 
large excess of water; a 
milkiness on stirring shows 
pretence of Bi. 



To a portion add 
HjS0 4 a white 
precipitate : — 

CjfPb. 



The presence of Pb 
should be confirm- 
ed by adding to a 
part of the origi- 
nal solution ArnHQ 
in excess,then HA 
in excess, then 
KsCr0 4 ; a yellow 
precipitate shows 
pr ete nce of Pb. 



2. The precipitate it gettow: it may consist of CdS, As^S* SnSf. 
Boll the precipitate with NaHO in excess, after decanting the liquid if possible : — 



The precipitate doee 
not dissolve: it is 
bright yellow and 
pulverulent — 
of Oa\ 



The presence of 
Cd may be con- 
firmed by showing 
that the precipitate 
produced by H S S 
dissolves on being 
boiled with dilute 
HjSO* 



The precipitate dissolves : it may consist of AajSg or SnSf ; examine portions 
of the original solution as directed below : 



Acidify a portion with HC1, and place 
in it a piece of Zn which is known to 
be free from Sn : Sn is deposited on the 
Zn:— 

of So** (Stannicum). 



The deposit of Sn should be detached 
from the Zn, and dissolved by boiling it 
in a test-tube with a little strong HCl, 
then HgCIf added; a white precipitate 
confirms the presence of 8n*. 



Acidify a portion with strong 
HCl, immerse in it some 
pieces of bright Cu and 
boil, a black film is deposited 
on the Cu : — 

Pretence of As. 



Note.— It the yellow pre- 
cipitate formed by HjS ap- 
peared at once in the 
cold, the As is present as 
Areenoeum; if it formed 
only on boiling, Arsenicum 
is present. 



3. The precipitate it orange red : It may consist of SbjSg. 
Confirm by acidifying a portion of the original solution with HCl and Immersing In it a piece of 
Zn resting on a slip of platinum foil, a black stain on the platinum (193) r— 

Pretence of 8b. 

Note.— It occasionally happens, if the solution has not been sufficiently diluted, that B«S gives a 
reddish precipitate with Pb solution ; such a precipitate, however, becomes black on adding more 
HfS-water. 

18 
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ANALYSIS OF A SIMPLE SUBSTANCE. [846, 847. 



346. TABLE III.a.— IRON GROUP. 

The color of the precipitate produced by addition of 
AmCl and AmHO will usually indicate whether it con- 
tains Fe, Al, Cr ; the following tests may be made in 
confirmation. 

To a portion of the original solution add KHO grad- 
ually until a precipitate has formed (see note below 
Table), then add KHO in excess and stir ^ell, one of 
the following results will be obtained : — 



1. A eolorleaa gela- 
tinous precipitate 
ii produced which 
dissolves in ex- 
cess of KHO to a 
colarlem a o 1 u- 
tion : the precipi- 
tate reappears on 
the addition of 
much AmCl to 
the KHO eola- 
tion : — 
Pretence of AL 



2. A paU green 
gelatinous pre- 
cipitate forms, 
which dissolves 
in excess of KHO 
to a green solu- 
tion : wheu PbOj 
is added to 
this green eola- 
tion and the 
liquid is boiled 
and then acidified 
with HA, a yellow 
precipitate is pro- 
duced : — 
Pretence of Or. 



3. A redditk 
brown precipi- 
tate forms, insol- 
uble in excess 
of KHO. Add 
KCyS to the 
original H C 1 
solution, a blood 
red coloration : — 
Pretence of Fe"'. 



4. A dingy green 

{>rec ipitate 
orms, insoluble 
in excess of 
KHO, the pre- 
cipitate if filter- 
ed off and ex- 
posed to the air 
gradually be- 
comes brown ?— 
ofW. 



Note. — If a colorless gelatinous precipitate has been produced 
by AmCl and AmHO, and is not produced by addition of KHO, 
a silicate is probably present. Its presence is confirmed by 
fusing the solid substance in a bead of NaAmHP0 4 (294]; or 
by evaporating the acid solution to dryness, a residue insoluble 
in acid is SiO, and may be tested by the bead as directed 
above. 



347. TABLE III.b.— ZINC GROUP. 

The color of the precipitate produced by addition of 
AnijS or of HjS to the alkaline solution will distinguish 
Zn or Mn from Ni, Co, and Fe, and will usually dis- 
tinguish Zn and Mn also from one another. See a and 
6 below : — 

a. If the precipitate is light in color, add to some of the origi- 
nal solution KHO gradually until a precipitate forms, then add 
KHO in excess. A white precipitate, dissolving in excess of 
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KHO and reprecipitated by addition of HjS proves presence of 
Zn. A white or brownish precipitate insoluble in excess of 
KHO and gradually turning dark brown when filtered off and 
exposed to the air, shows presence of Mn. 

o. If the precipitate U black, it will consist of either CoS or 
NiS or possibly of FeS ; the distinction of the metals Ni and 
Co bv the color of their solutions — Ni being green, Co pink — 
and by the colors they impart to the borax bead (383 ±V.) is 
quite simple. FeS is only precipitated here from a dilute solu- 
tion of a ferrous salt : Fe" is best detected by 346. 



348. TABLE IV.— BARIUM GROUP. 

Dip a loop of platinum wire into the original solution 
or into the HO solution of the precipitate produced by 
Am 2 CO a , and hold the wire in the Bunsen flame. If 
the flame coloration thus obtained is not decisive, employ 
the tests placed at the foot of each column as confirma- 
tory : — 



A yellowish green flame: — 
Presence of Ba. 

Otmflrmatory.-Add OaS0 4 
to a perfectly cold por- 
tion of the HC1 solu- 
tion, a precipitate forma 
immediately. 

Note.— A green flame 
coloration may be pro- 
duced by HgBO, 



A erimton flame, appear- 
ing deep red through 
the indigo prism : — 
Pretence of Sr. 

Confirmatory.— AM CaSo 4 
to a perfectly cold por- 
tion of the I1C1 solu- 
tion, no precipitate is 
produced, but a pre- 
cipitate appears imme- 
diately on boiling. 



A red flame appearing 
dingy green through 
the indigo priam : — 
Presence of Co. 

Confirmatory.— Add CaS0 4 
to part of the II 01 solu- 
tion and boil ; no pre- 
cipitate. To the rest 
add AniIIO in excess 
and AnigCgC^; * white 
precipitate forms. 



EXAMINATION FOR THE ACID RADICLE. 

349. If the acid radicle has not been found already 
in the preliminary examinations (33 5-338a), or during 
the examination for the metal (341, 343), or elsewhere, 
it must be tested for as directed below. Since the solu- 
bility of the substance (332) and the metal it contains 
are known, much trouble is usually saved by referring 
to the " Table of Notabilities " (440). 
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For the tests given below, use separate portions of the 
original substance : try the tests in succession until an 
acid radicle is found. 

350. Acidify a portion of the liquid, or if a solid 
dissolve it, with dilute HC1 and add BaCl 2 . If Pb, 
Hg', or Ag has been found, acidify with HNO s and add 
Ba(NO a ) 2 , since HC1 and chlorides would precipitate the 
above metals as chlorides. A white precipitate forms 
which does not disappear on boiling : Presence of a 
sulphate. 

351. Acidify a portion of the liquid, or if a solid is 
being examined, dissolve the solid with dilute HNO s ; 
filter off any precipitate or residue which may form, and 
add AgNO s solution : a precipitate forms, whicli does 
not disappear on warming. Note the color of the pre- 
cipitate; and according as it is white, yellow or orange, 
examine it by 1, 2 or 3: — 



1. The precipitate it white: it may consist of AgCl, AgCy, A&FeCy* or 
AgCyS. Make a portion of the original solution just acid with HO, then 
add Fe,Cl« :— 



A deep blue precipitate : 
Pretence of a ferrocyanide. 



A blood-red coloration : 
Pretence of a tntphocyanide. 



If FejCI* has yielded neither a precipitate nor coloration, indicating absence 
of a ferro- and milpho-cyanide, decant the liquid from the precipitate caused by 
AgNOa, pour upon the precipitate some strong HN0 8 and boil : 



The precipitate remains 
undissolved : 
Ptjetence of a chloride. 



The precipitate dissolves : 
Pretence of a cyanuie. 
Confirm the presence of a cyanide in a portion of 
the original solution by boiling it with FeSO* FsjCl* 
and KIIO, and acidifying with H CI: a blue precip- , 
itate : Pretence of a cyanide. 



2. The precipitate it yellow, and may consist of AgBr or Agl. 
Test some of the original solution for an iodide by adding to it starch solution 
and KNOg solution, the acidifying (if not already acid) with HC1 : a deep blue 
coloration : 

Pretence of an iodide. 

If an iodide is not thus detected, add to another portion of the original nolu- ' 

tion several drops of Cl-wuter ; if the liquid becomes yellow, and on being i 

shaken with CSj colors that liquid reddish brown, it sIiowb : J 

Pretence of a bromide. 



3. The precipitate it orange red, and is probably Ag^Fe-Cy,-. 
Make a portion of the original solution just acid with 1IC1, then add Fe80 4 
solution ; a deep blue precipitate Bhows : 

Pretence of a ferricyanidt. 
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Note. — If He has been found, HgCy, may be present, not- 
withstanding the formation of no precipitate with AgNO,. If 
not already detected in 333 I., refer to 306. 

352. Acidify some of the original liquid, or if it is a 
solid dissolve it, with dilute HNO s ; filter if necessary, 
add a small quantity of this acid solution to some 
AmHMo0 4 solution, stir well and warm gently : — 



A yellow precipitate shows : — 
Pretence of a photphate. 



If no precipitate fornu, heat to boiling, 
the formation of a yellow precipitate 
shows :— 

Pretence of am arsenate. 



The presence of a phosphate or arsenate may be confirmed 
by dissolving the yellow precipitate, separated by filtration or 
decantation, by pouring: upon it a little AmHO ; on adding to 
this solution AmCl and MgS0 4 , a crystalline precipitate will 
form, which is to be filtered off and washed with a little cold 
water : several drops of AgNO, solution are poured upon this 
precipitate on the filter; if it becomes yellow, a phosphate is 
present; if brovm, an arsenate is present. The presence of an 
arsenate is further confirmed by a yellow precipitate (As^Sj) 
appearing with H,S when the liquid is boiled. 

353. Acidify a portion of the original liquid, or if a 
solid stir it, with HCL ; dip into this solution a piece 
of turmeric paper, and dry it at a gentle heat ; if the 
paper becomes reddish brovm when dry, and changes to 
dingy green or blue black when moistened with AmHO, 
it proves the presence of a borate. 

364. The acid radicles, one of which may still be 
present, are "T, "C 2 4 and 'F. If the metal found be- 
longs to Groups I., II., III., or IV., the examination 
for one of these radicles must be begun at 356 ; if the 
metal present is K, Na or NH 4 , examine by 355. 

355. Make the solution just alkaline with AmHO, 
then add CaCl 2 solution in some quantity, shake well 
and let stand, if no precipitate forms at once : the pre- 
liminary examination (337) will usually have indicated 

18* 
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[356. 



which of these acid radicles is present, and thus show 
according to which of the three columns below the pre- 
cipitate is to be further tested : — 



I. A eryttaUine precipitate, ap- 
pearing after tome tfme, shows 
probable presence of a tartrate. 

Confirm by 1 or 2 below : — 

1. Decant the liquid from the 
precipitate, add a little water 
and a single drop of AmHO, 
drop in a small crystal of 
AgNOg and warm very care- 
fully ; a mirror is formed below 
the crystal, presence of a tar- 
trate. This teat may be tried 
also with the original solution 
by 322. 

2. On acidifying some of the 
neutral original solution with 
HA and adding alcohol and 
K.A (unless K or NH 4 has 
been detected in the sub- 
stance), and stirring or shak- 
ing well, the formation of a 
crystalline precipitate shows 
pretence of a tartrate. 



II. A white pulverulent pre- 
cipitate shows probable 
pretence of an oxalate. 



The presence of an oxalate, 
already indicated by the 
test in 337, 6, must be 
confirmed either by warm- 
ing some of the original 
Bubstance with MnOj and 
HjSO*, and testing for 
CO._, gas (319) : or by the 
more tedious method of 
filtering off and drying 
some of the above precip- 
itate of Ca(^0 4 , then 
igniting it and testing 
for a carbonate with HC1 
(318a) 



III. A gelatinous 
flooeulent precipi- 
tate shows proba- 
ble pretence of a 
fluoride. 

Confirm by filtering 
and warming some 
of the precipitate, 
or of the sub- 
stance if solid, 
in a small cup of 
lead or platinum 
with strong 
H.SO*; fumes 
will be erolved 
which etch a prop- 
erly prepared 
watch glass (296). 



356. An oxalate or fluoride of Ba, Sr, Ca or Mg will 
have been already detected. A tartrate of any one of 
these metals is found by gently heating the finely-pow- 
dered substance if it is solid, or the neutral solution if a 
liquid, with very dilute AmHO and a crystal of AgNO a : 
the formation of a mirror shows j/resence of a tartrate. 
If a metal of Groups I., II. or III. has been found, the 
metal must be separated before testing for the acid rad- 
icle. 

If the metal belongs to Group I. or II., make the 
original solution just acid with HC1, and add HjS solu- 
tion or pass HjS into the liquid for about five minutes; 
filter off the precipitate and add more HjS to the filtrate; 
if no more precipitate forms,* boil in a porcelain dish 
until the liquid ceases to smell of HjS, and examine by 
355. 



* If any further precipitate forms, add more of the reagent, filter and 
test again by adding more of the reagent ; this addition of reagent, fil- 
tration, and testing the filtrate is repeated an til no farther precipitate 
forms on addition of the reagent to tne filtrate. 
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If the metal belongs to Group III., add AmCl, AmHO 
till alkaline, then Am^S : boil and filter, add to the fil- 
trate Am^S ; if no more precipitate forms (see foot-note, 
page 198) add HA in excess, boil, filter off S if neces- 
sary, and examine by 355. 

If no acid radicle can be found in any quantity and 
the substance is not metallic in appearance, it is probably 
an oxide or a sulphide ; most sulphides yield a sulphate 
or sulphuric acid when they are boiled with strong 
HNO a , which may be detected after dilution by 350 ; 
an oxide may often be known by its color (331), or by 
some other special property or test : e.g. MnO a by evolv- 
ing CI when it is heated with HC1, and PbjO* by leav- 
ing brown PbO, when it is treated with dilute HNO a . 



EXAMINATION OF GROUP III.A. 

357. The precipitate formed on the addition of AmCl 
and AmHO to the solution of a substance insoluble in 
water may consist of Al 2 H a O a , Fc2H a 6 , Cr 2 H a O a ; or of 
Fe, Al, Cr, Zn, Mn, Ni, Co, Ba, Sr, Ca, Mg as phos- 
phate or oxalate; or of Ba, Sr, Ca as chromate or 
fluoride. 

The systematic examination of a precipitate in Group 
III.A for these substances is a difficult matter ; such an 
examination is, however, only necessary when an oxalate 
(337, 5), a chromate (343) or a fluoride (338) has been al- 
ready detected, or wnen a phosphate is found in 339. If 
a precipitate forms in Group III.A, and the above acid 
radicles are absent, proceed as is directed in 346 : if the 
above acid radicles are present, the metal must be tested 
for as directed below, unless it has been certainly detected 
during the preliminary examination. 

358. Note the appearance of the precipitate caused by 
AmCl and AmHO, then add Amp to the liquid and 
precipitate, stir well and according to the appearance of 
the precipitate proceed to examine further by 1 or 2 (page 
200). 
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1. The precipitate after addition of AmJS is black, it may 
consist of FeS, CoS, or NiS ; the means of distinguish- 
ing these three metals is given below. Note first the 
color of the original solution (334, 1). 



a. The color of tkt orig- 
inal solution was 
yellow or reddish 
brown: — 
Presence of Fe*" 
(Ferricum). 

This to confirmed by 
the precipitate pro- 
duced by AmCl end 
AmHO in the orig- 
inal solution hav- 
ing been pale yellow 
or redduh brown, 
and becoming black 
on addition ofAmgS. 

As a confirmatory test 
add to a portion of 
the original solu- 
tion, acidified with 
HCl if necessary, a 
few drops of KCyS 
solution, a bloodied 
coloration is pro- 
duced. 



». The color of 
the original 
solution woe 
pin*, or pot- 
siblyblue, be- 
coming pink 
on dilution: 
Pres en ce of 
Co. 

The presence 
of Go may be 
confirmed by 
adding ex- 
cess of KHO 
to the origi- 
nal solution, 
a blue preci- 
pitate turn- 
ing red on 
boTlingshowi 
the presence 
of Co. 

Co will also 
hare been 
detected by 
its borax 
bead (333. 
IV.). 



c. The color of the original solution 
was green : — P re sence of Uxor Fe". 



Note the effect which 
by the addition of 
AmHO:— 



produced 
AmCl and 



A bine solution 
was produced: — 
Presence of M. 

The presence of 
Ni may be con- 
firmed by adding 
excesi of KHO 
to a part of the 
original solution, 
a light green 
preci pi t ate 
shows the pres- 
ofNu 



Niwill also hare 
been detected by 
its borax bead 
(333, IV.). 



A dingy green pre- 
cqritate, which, 
when shaken 
round in a por- 
celain dish and 
left for several 
minutes exposed 
to the sir, be- 
comes brown : — 
Presence of Fef. 
(Ferrosum). 

Confirm by adding 
K«Cfy, to some 
of the original 
solution, acidi- 
fied with HCl 
if necessary; a 
dark blue precip- 
itate is pro- 
duced, 



2. The precipitate, after addition of Am^S, is white or 
light colored. — It may consist of Cr 2 Ho a , Al,Ho a , ZnS, 
MnS [or of BaCr0 4 , or Ba, Sr, Ca, Mg, as phosphate, 
oxalate, fluoride, silicate, or possibly borate]. The 
substances in brackets can, however, only be present 
if the liquid given for analysis was acid in reaction, 
or if a solid was given which was insoluble in water. 

To a small portion of the original solution add KHO, 
drop by drop, until a precipitate is produced. (See 
note below the Table.) Note the color and appear- 
ance of this precipitate, then add a larger quantity of 
KHO and stir or shake well ; one of the following 
results (a or 6) will be noticed ; — 
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a. The precipitate at first produced by KHO redissolves 
when the KHO is added in larger quantity, indi- 
cating the presence of Al, Zn or Cr. Note the 
appearance of the precipitate : 



A pale green floceulent precipi- 
tate:— 

JFYvamce of Or. 

Confirm by boiling some of the 
green KHO eolation with lead 
peroxide (PbOA a yellow liquid 
is obtained, which, if decanted, 
yields a yellow precipitate on 
addition of HA in excess. 



solution and of 
will also have 



The color of the 
the borax bead 
detected Cr. 



Note.— It the Cr was present in 
the add radicle of a chromate, 
AraCl and AmHO will hare 
yielded no precipitate ; bat there 
will hare been a green precipi- 
tate on addition of AnifS and 
heating. 



A white precipi- 
tate, which i» 
re - precipitated 
from (he KHO 
eolation by ad- 
dition of a few 
drops of IIjS- 
watur, bat is 
not re-precipi- 
tated by addi- 
tion of AmCl : 
Pretence of Zn. 

Confirmed by no 

{trecipitate hav- 
ng been pro- 
duced by AmCl 
and AmHO, but 
a white precipi- 
tate by addi- 
tion of Am-8, 
or of H^S after 
AmHO. 



A white floceulent precipitate, not 
re-precipitated from the KHO 
solution by addition of a few 
drops of HjS- water or by boil 
ing, but re-precipitated immedi- 
ately if sufficient AmCl solution 
is added : — 

lYetenee of Al (see Note). 

Note.— A1PO* is also precipi- 
tated here, and is soluble iu KHO. 
but differs from Al^Hug in being 
re-precipitated from the KHO 
solution by addition of ^excess of 
HA; if P0 4 has been detected, 
the analysis is finished. AIP0 4 
is soluble only in acids ; hence 
the original liquid must have 
been acid or the original solid 
substance insoluble in water. 



Note.— Sometimes a flocculent precipitate is produced on 
adding AmCl and AmHO to the original solution, and yet no 
precipitate is produced by KHO; tnis renders probable the 
presence of an alkaline silicate. In this case evaporate a por- 
tion of the solution to dryness with HC1 ; warm the residue 
with HC1 : if any insoluble residue is left, the presence of a sili- 
cate is proved; niter and test the filtrate for K or Na. 

6, The precipitate at first produced by KHO does not 
redissolve on addition of more KHO; the precipi- 
tate will have one of the following appearances : 



1 while or dingy yellow pro- 
cipUate, rapidly darken- 
ing when ehaken in 



the 



Pretence of Mn\ 



Confirmed in the prelimi- 
nary examination by pro- 
ducing a green mass when 
fused with Na,CO, and 
KNO> and by no precipitate 
baring been produced on 
addition of AmCl and 
AmHO, unless the solution 
was exposed for some time 
to the air. 



A pole yellow precipitate, 
not darkening in the air: 
this precipitate will also 
have been produced by 
AmCl and AmHO, and its 
color will not have been 
altered by addition of 
Am-8:— 

Pretence of BaOrO A . 



Ba has 
tected by 
tion (333, 
mate by 
color of 
liquid to 
H,S (343). 



been already de- 
the flame colora- 
II.), and a chro- 
the change of 
the orange red 
green on adding 



A white precipitate, 
darkening in the air : — 



not 



Presence of Ba, Sr, Ca, or 
Mg as phosphate, oxalate, 
Ac. 

Pass on to 359. 

Note. — This precipitate can 
only be formed if the origi- 
nal solution was acid. 
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359. The precipitate may consist of Ba, Sr, Oa or Mg 
as phosphate, oxalate, borate,* fliwride or silicate. 

Examine for the metal and acid radicle as directed 
below, working through the columns from left to right, 
unless the presence of a phosphate (339), oxalate (333, 
I. 4, or 337, 5), borate (334, V ., or 333, II., or 338a) 
or fluoride (338) has been already proved, in which case 
proceed at once to examine according to 360, or by 
column 1, or 2, or 3, below. 

If this precipitate is proved to contain a phosphate, 
oxalate, borate, fluoride or silicate, the further examina- 
tion for an acid radicle becomes unnecessary. 



1. Add AmHO in excess 
to a portion of the origi- 
nal solution, f filter, dry 
the precipitate and heat 
a portion of it to a dull 
red heat for several 
minutea on platinum 
foU. 

Place the foil in a test- 
tube and pour a few 
drops of dilute HCI upon 
it; if the residue dis- 
solves with efferves- 
cence, it shows the 
pretence of an oxalate. 

Test this HCI solution 
for Ba, Sr, Ca, Hg, by 
339, using it as the 
original solution. 

If the ignited precipitate 
does not dissolve with 
effervescence, pass on 
to column 2. 



2. Stir some of the pre- 
cipitate produced by 
AmHO,f column 1, on 
a watch glass, with a 
little water to which a 
few drops of HCI have 
been added, until the 

Erecipitate is dissolved. 
4p into the liquid a 
slip of turmeric paper, 
and dry at steam heat ; 
the slip appears redduk 
brown, and becomes 
dingy green when moist- 
ened with AmHO :— 
Pretence of a borate. 

Examine for the metal 
present by 361. 

If a borate is not found, 
proceed to column 3. 



3. Place another portion 
of the precipitate pro- 
duced by AmHO.f co- 
lumn 1, in a leaden 
cup or platinum cru- 
cible, add strong H s S0 4 
and warm gently, 
covering the vessel 
with a watch glass 
which has been coated 
with a film of wax and 
has had characters 
traced with a sharp 
point through the wax 
(196); the glass Is 
etched : — 
rre n en e * of a/kwride. 

Examine for the metal 
present by 361. 

If no fluoride is found, 
test for a silicate by 
361. 



360. Examination of a phosphate. — Add to a portion 
of the cold original solution AmHO, drop by drop, whilst 
constantly shaking the liquid, until a slight precipitate 
is formed, which does not disappear on stirring; then 
add HA and NaA solution, and drop in FejC^ until the 
liquid, after being well shaken, has a brown or red color; 
boil and filter immediately. The precipitate is thrown 



* Borates of Ba, 8r, and Ca are rarely precipitated In Group III., since they are 
solnble in the AmCl formed on adding AmHO to the HCI solution. 

f If a solid is being examined, a portion of the original solid Is employed for this 
test instead of the precipitate produced by AmHO in the HCI solution. 
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away. To the filtrate AmCl is added, then AmHO 
until it is just in excess; boil and filter. The liquid or 
filtrate, which must smell strongly of NH 3 , is then tested 
for Ba, Sr, Ca and Mg by 339, this liquid taking the 
place of the original solution ; and if any precipitate is 
formed by Am 2 C0 3 , it must be well washed several times 
with boiling water to remove Na, since the intense yellow 
coloration of Na would mask that of Ba, Sr or Ca. 

Explanation of the Method for Examination of a Phosphate. 

In order to detect Ba, Sr, Ca or Mc present as phosphates, 
the P0 4 must be removed from the solution and the metal left 
as chloride. This is effected by neutralizing all HC1 and leaving 
the solution acidified only by free HA; by addition of Fe^C^ 
in slight excess and boiling, all P0 4 is precipitated as FePOi, 
which, though soluble in HCI, is perfectly insoluble in HA. 
On filtering, FePO* remains upon the filter, and the filtrate 
contains the metal (Ba, Sr, Ca or Mg) as chloride, together with 
a little Fe, but is perfectly free from phosphate. 

361. Examination of a borate, fluoride or silicate. — A 
portion of the original substance is placed in an evap- 
orating basin, which is then nearly filled with dilute 
HC1, and the liquid is entirely boiled away; the dish 
is once more filled with acid and again evaporated to 
dryness : the residue in the dish is then warmed with 
dilute HC1 and filtered, if any residue is left : 



Solution: the HC1 solution is examined for 
Ba, Sr, Ca, Mg by 339, this solution being 
treated as is there directed for the original 
solution. 



Residue: if any resi- 
due remains in- 
soluble in HCI, it 
proTea : — 
Pretence of a tOicate. 



Explanation of the process. — The evaporation to dryness with 
HCI removes H s BO. and HF, which volatilize, whilst SiO- is 
left insoluble in HCI and therefore remains as an insoluble 
powder on afterwards warming with HCI ; this residue of Si0 2 
also remains, however, if HF was present, being caused by the 
corrosion of the dish ; since, however, HF, if present, has already 
been found, no notice will then be taken of the residue. 
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THE SUBSTANCE POSSESSES METALLIC 

LUSTRE. 



366. This shows the probable absence of an acid 
radicle. The only non-metallic elements likely to be 
present are free carbon as graphite, free iodine or com- 
bined sulphur, since several sulphides are decidedly 
metallic in appearance.* The presence of the metals 
Ni, Co, Fe in the free state, and of Fe 3 4 , may be shown 
by the substance being attracted by a magnet. Pb, or 
graphite, will be recognized by marking paper when 
rubbed upon it, as a black-lead pencil does : the mark 
due to Pb disappears if wetted with dilute HNO a . 

Preliminary Examination. 



Experiment 


Observation. 


Inference. 


I. Heat a portion of 
the substance in 
a small ignition 
tube. 


1. A black lustrous mirror forms 

2. A yellow sublimate forms, melting, 
when heated, to brown drops . . . 

3. Violet vapor is given off. condens- 
ing to black scales on the sides of 


Presence of As. 

Presence of S. 

Presence of I. 


If the Bubstance sublimes entirely 
as violet vapor 


Iodine alone is pre- 
sent. 








II. Heat a portion 
in the inner blow- 
pipe flame in a 
cavity scooped 
on a piece of 
wood charcoal. 


2. If an incrustation forms, refer to 
par. 333, V., where in the second and 
third columns will be found the ap- 
pearance of the incrustation and the 
metal whose presence it indicate*). 

3. Smell of burning sulphur 


Pretence of As. 

Presence of S. 
Presence of On. 


III. Place a portion 
of the substance 
in a piece of hard 
glass tube open 
at both ends, and 
heat it strongly 
in the Bnnsen 
flame, and after- 
wards in th e 
blowpipe flame if 
necessary. 


1. A gas is evolved from the upper 
end which mnells of burning sul- 
phur and turns a piece of filter 
paper moisteiiod with KgTrgOf *t>lu- 


Presence of 8. 


2. The sul«tance burns completely 
. but slowly away, glowing when 
strongly heated. This effect is beet 
seen by heating it strongly on Pt- 
foil by directing the blowpipe flame 
on the under surface of the loiL 


Presence of C. 



* The most common sulphides which pomes* metallic lustre are 
copper pyrites and iron write*, which resemble brass in appearance, 
ana galena, which resemoies lead. 
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After completing the preliminary examination pro- 
ceed as is directed in 332. 

No acid radicle need be tested for except S, As and P, 
which are most easily detected after they have been con- 
verted into acids by oxidation : a portion of the finely- 
powdered substance is dissolved in strong HNO s , and this 
solution is diluted with water : H^SO* is then tested for 
by BaCl a and H s P0 4 and H 3 As0 4 by AmHMoO, (352). 

THE SUBSTANCE IS INSOLUBLE BOTH IN 

WATER AND IN ACIDS. 



867. It may consist of any one of the following sub- 
stances ; those included in brackets being less likely to 
occur than the others, since they are soluble when heated 
with sufficient water or acid. As will be seen below, the 
color frequently serves to indicate what substance is 
present. 

1. Whiie: BaS0 4 , SrSO,, (CaS0 4 ), PbS0 4 , (PbCl 2 ), 

AgCl,* SiO a , (Al 2 O s ignited), SnO^ Sb 2 6 , Sb 2 4 , 
CaF a . 

2. Dark colored : ignited Fe^s (dark brown or black), 

ignited Cr a O s (dark green or black), FeCr 2 4 and 
ignited PbCrO, (dark brown), C (black). 

3. Yellow : S, AgBr,* Agl,* (Pbl 2 ). 

An insoluble silicate may also be present. For a fuller 
description of these substances see 475. According to 
the color of the substance, examine it by 368, 369 or 
370. 

368. The substance is white. If sufficient substance 
is available, try the following preliminary tests ; if not, 
proceed at once to 368a. Pour upon a small portion a drop 
of Am^ ; if it blackens, the presence of Pb or Ag is prob- 
able; if it becomes yellow or orange red, the presence 
of Sn or Sb is probable ; pass on to Test III. in the fol- 
lowing table. 

If no change of color is produced by AnijS, try Tests 
I. and II. 

* Darkens quickly in sunlight, and slowly in ordinary daylight. 
19 
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Experiment. 


Observation. 


Inference. 


I. Moisten a clean loop 
of platinum wire, im- 
merse it in the powdered 
substance, and heat the 
adhering powder for a 
short time strongly in 
the inner blowpipe 
flame : moisten the loop 
with a drop of strong 
HCl, and hold it in the 
Bunsen flame. 


A yellowish green flame. 

A erimeon flame, appear- 
ing deep red through the 
indigo prism. 

A reddish flame, appear- 
ing duskg green through 
the indigo prism. 


Presence of Ba, 
Preeencs of Br. 
Presence cf On. 


Test for 
80 4 by 
Exp. II. 


II. Fuse a portion of the 
substance, mixed with 
NojCOg in fine powder 
in a cavity scooped upon 
a piece of wood charcoal 
in the inner blowpipe 
flame produced from a 
spirit lamp flame. 


The cooled mass, if de- 
tached from the char- 
coal, placed upon a 
bright silver coin, and 
moistened with water, 
gives, when crushed with 
the blade of a knife, a- 
black stain. 


Presence of a sulphate. 

Note— It 80 4 is not 
found, test for F by 338 
or 296, and further 
examine the substance 
by 368a. 


III. Mix some of the 
finely -powdered sub- 
stance with powdered 
NagCOsand KCy on a 
small cavity made in a 
piece of wood charcoal 
and heat the mixture 
in the inner blowpipe 
flame. 

If metallic globules form, 
detach one and strike it 
smartly with the pestle 
on the inverted mortar. 
Also take a globule on 
the point of a penknife 
and try if it marks paper 
as black lead does. 


White metallic maUeabU 
globules, which mark 
paper, and if dissolved 
in HNO, give a white 
precipitate with H«S0 4 ; 
a yellow incrustation is 
also formed on the 
charcoal. 

White metallic malleable 
globules which do not 
mark paper : they dis- 
solve in HCl, the solu- 
tion giving a white pre- 
cipitate with HgCU. 

White metallic brittle 
globules, which, if dis- 
solved in boiling HCl, 
give an orange red pre- 
cipitate with HjS: white 
incrustation. 

White scales, no incrus- 
tation: the metal is 
insoluble in HCl, and if 
dissolved in HNO, gives 
no precipitate with 
HjSO^but a white pre- 
cipitate with HCl ; the 
original substance is 
instantly blackened by 
a drop of AnifS, and is 
dissolved on being 
warmed with AmHO. 


Presence ofFh as chloride, 
sulphate, or chromate. 

Refer to the note below 
this table. 

Presence of SnO^. 
Presenes ofBbgO^ orBbgO^. 

Presence of AgCL [See 
also 368a]. 



Note. — Boil some of the substance with much water, add 
HNO, and AgNO,, a white precipitate shows presence of PbCL. 

Tost for chromate by fusing in a porcelain crucible with 
Na 7 CO, + K,CO s ; a yellow mass on cooling shows presence of 
PbCrO v 

The presence of PbS0 4 may be proved by Test II., and by 
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pouring upon the original substance H,T, then excess of AmHO, 
and boiling : filter if necessary, acidify a portion of the clear 
solution with HA, and add K,Cr0 4 , a yellow precipitate : Pres- 
ence of Pb. Acidifjr another portion with HC1, and add BaCl, 
a white precipitate insoluble on boiling : Presence of SO t . 

If none of the substances mentioned in the above 
table have been detected, test for A1 2 3 by heating the 
substance strongly on charcoal in the outer blowpipe flame 
after moistening it with Co (NO s ), solution, a blue mass 
shows presence of Al^O^. 

If Al 2 O a is not found, fuse some of the substance in a 
clear bead of NaAniPH0 4 , it floats undissolved : — Pres- 
ence of 8i0 2 or a silicate. Proceed to 368a. 

868a. Fuse a portion of the finely-powdered substance, 
mixed with four or five times as much fusion mixture, 
for several minutes in the blowpipe flame on a piece of 
platinum foil, or in a porcelain crucible if Pb or Ag is 
present; boil the cool mass with water, filter and wash 
the residue. 

Examination of undissolved residue. — Heat the residue 
with dilute HN0 3 ; if it does not dissolve, decant the 
acid and heat the residue with a small quantity of dilute 
HNO s and HC1 mixed : if the residue is still undis- 
solved, it must be fused again with fresh fusion mixture, 
and treated as is directed above. 

The acid solution is examined for the metal by 339. 

Examination of the water solution. — When the metal 

[>resent has been detected, it will usually be possible to 
imit the number of acid radicles which need be tested 
for by referring to the list in 367. Tests are given 
below for all acid radicles likely to occur in insoluble 
substances: separate portions of the water solution are to 
be used. 

Sulphate: acidify a portion with HC1 and add BaClg, 
a white precipitate will form. 

Chloride : acidify a portion with HNO a and add 
AgNO s , a white precipitate is produced, which is easily 
soluble in AmHO. If the precipitate produced by 
AgNO a has a yellow tinge and is not easily soluble in 
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AinHO, add to a fresh portion of the water solution a 
little CSj, then acidified CaCl 2 solution, drop by drop, 
shaking well between each addition, a brown coloration 
of the CS 2 shows a bromide, a violet coloration an iodide. 

Silicate : make a portion acid with HC1 and evapor- 
ate to perfect dryness; if on warming with dilute HC1 
an insoluble residue is left, this proves the presence of 
silica or a silicate. 

Fluoride : acidify with HA and add CaClj, a gelatin- 
ous white precipitate forms. Confirm by tests (338 or 
296) tried on some of the original substance. 

369. The substance is dark-colored (367, 2). 

Place some of the substance on a piece of platinum foil 
and heat the foil strongly on its under surface by the 
blowpipe flame : — 



The substance burns away 
slowly but completely : — 



of a 



The substance does not bum away ; place upon it 
three or four times as much powdered NagGQg 
and KNOj, and fuse for some time : — 



1. The substance dissolres, forming a yellow 
when cold : — Pretence of O s (V 

2. The substance remains undissolved aa a dark 
brown powder, and the mam on cooling is 
white :— Presence of FejC^.* Confirm by boil- 
ing the mass with water, filtering and fusing 
the brown residue into a borax bead (100). 



370. The substance is yellow (367, 3). 

Heat a portion of it strongly in a small ignition tube; 
one of the following results will occur : — 



R /vest and sublimes^ the subli- 
mate being yellow and melting 
to reddish brown drops when 
heated:— 

Pretence of B. 

Note. — If the substance sublimes en* 
tirely, It consists only of sulphur. 



It fuses, but does not subUtne, 
Examine a portion of the substance 

for Ag and Pb and for Br and I by 

368a. 



* FeCrjO* shows both reactions 1 and 2, since it contains both Fe 
and Or. 
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ANALYSES OF SIMPLE SALTS, SHOWING 
HOW TO ENTER RESULTS. 



A. Liquid given for analysis. 

Preliminary Examination for the Metal. 



Experiment. 



1. Noted the color of the 
liquid. 

2. Dipped into it a piece 
of blue litmus paper. 



3. Evaporated a few drops 
■lowly upon a watch 
glass. 

Ignited the residue 
strongly. 

4. Added KHO solution 
and boiled. 

6. Dipped a loop of plat- 
inum wire into the 
solution and held it in 
the flame. 



6. Dipped a clear borax 
bead into a portion of 
the residue from 3, and 
fused in the outer and 
inner blowpipe flame. 



Observation. 



Blue. 



The paper was turned 
red, but on addition of 
NagGO* no effervea- 
cence occurred. 



Pale blue residue left. 



Blackened without smell 
of burning. 

No smell of NH». 



Bright green flame; on 
moistening the wire 
with strong HC1 and 
again holding it in the 
flame it gave a blue 
coloration. 

In outer flame the bead ' 
was green whilst hot, 
blue when cold. 

In inner flame it be- 
came colorless. 



Inference. 



Presence of Cu. 



Presence of a salt with 
acid reaction. 



Presence of some dis- 
solved solid. 

Absence of organic acid 
radicles. 

Absence of NH4. 



Presence of Cu. 
Presence of Cu. 



Preliminary Examination for the Acid Radicle. 



Experiment. 


Observation. 


Inference. 


1. Added dilute HjS0 4 
and warmed. 

2. Added strong HjS0 4 
and wanned. 


No gas was evolved. 

No gas was evolved. 
And no red fumes on add- 
ing Cu clippings. 


Absence of carbonate, 
sulphite, sulphide, and 
nitrite. 

Absence of chlorate, Ac. 

Absence of nitrate. 



19* 
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Examination for the Metal. 

To a portion of the liquid added HC1: — 



No precipitate. 
Absence of Group I. 



Added strong HsS-water:- 



A brownish black precipitate. Presence of Sn", 
Hg", Bi, Pb, or Cu. 

Allowed the precipitate to settle, poured off as 
much of the liquid as possible and boiled the 
precipitate with excess of NaHO, it remained i 
undissolved. j 

Since the original solution was blue, a clean knife 
blade was dipped into a portion of it acidified ' 
with HtS(>4, red copper was deposited on the ' 
steel : — 

Pretence of Cu. 



Examination for the Acid Radicle. 

Added HC1 and BaCl 2 ; a white precipitate was pro- 
duced which did not disappear on boiling : Presence of 
sulphate. 

Found Ou, SO A . 



B. Liquid given for analysis. 
Preliminary Examination for the Metal. 



Experiment. 



1. Noted the color of 
the liquid. 

2. Dipped red litmus 
paper into the liquid. 

3. Evaporated a few 
drops to dryness upon 
a watch glass. 

Ignited the residue 
strongly. 

4. Boiled a portion with 
excess of K 110. 

6. Dipped a loop of plat- 
inum wire into the 
solution, and held it in 
the Bunsen flame. 

6. Dipped a dear borax 
l*ad into the residue 
from 3, and fused in 
the outer and inner 
blowpipe flames. 



Observation. 



Light yelloi 



Inference. 



It was turned famtty 
blue. 

A yellow residue re- 
mained. 

No blackening. 
No smell of Nil,. 



A pale violet flame, 
appearing crimson 

through the indigo 
prism. 

Outer flame : ormm, ' 

hot ; green, cold. 
Inner flame : ifrem, 

hot and cold. 

Itrotm color not 

reappearing in the 

outer flame. 



Presence of a neutral 
chromate. 

Probable presence of an 
alkali salt 

Presence of some dis- 
solved solid. 

Absence of organic add 
radicle. 

Absence of NHj. 



Presence of K. 



Presence of Cr 
chroiiiate. 



r. 
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Examination for the Metal. 

Since the liquid was alkaline in reaction, added to a 
small portion of it a few drops of HNO s until it became 
acid, this produced no precipitate. 

To another portion added HC1, the liquid turned from 
yellow to orange red, indicating presence of a neutral 
chromate : 



No 

precipitate. 

Absence of 

Group I. 



Then added HjS-water and warmed : 



The liquid be- 
came green, 
and white 
S was de- 
posited: 

Pretence of a 
ckromate. 



To another portion of the original solution added AinCl, then 
AmllO, no precipitate formed : then added AmjS and boiled : 



No precipitate in the cold, 
but on boiling a green 
Succulent precipitate gra- 
dually formed, evidently 
consisting of Cr»Ho« re- 
duced from the chromate. 



Added to another portion of the 
solution AmCl, AmHO, and 
AnigOOs: 



No precipitate. 
Absence of 
Group IV. 



Added to the 
same portion 
Na,HP0 4 and 
stirred: 

No precipitate. 
Abeence of Mg. 



Since K was found by the flame coloration in the 
preliminary examination, its presence was confirmed by 
stirring a portion of the solution, to which a few drops 
of HC1 had been added, with PtCl 4 on a watch glass ; 
a yellow crystalline precipitate forming on the lines 
rubbed by the rod : Presence of K. 

Found K } Or0 4 . 

C. A while crystalline substance given far analysis. 
Boiled a small portion with water; it dissolved com- 
pletely. 

Preliminary Examination for the Metal. 



Experiment. 



1. Heated in a small dry test-tube. 



2. Dipped a loop of moistened pla- 
tinum wire into the powdered 
sulMrtance, moistened with strong 
HC1 and held in the Bunsen flame. 

3. Heated a small portion in a cavity 
on wood charcoal in the inner blow- 
pipe flame. 



4. Fined on charcoal in the inner blow- 
pipe flame with Na,€0 3 and KOy. 



Observation. 

The substance gave off red 
fumes and oxygen gas, 
which inflamed a glow- 
ing splinter of wood. 

It left a yellow residue. 



A pale blue flame. 

Deflagration occurred. 

A white malleable globule 
remained which easily 
marked paper. A 
yellow incrustation. 

Same result as with 3. 



Inference. 



Presence of a nitrate of a 

heavy metal. 
Presence of Pb, Sn, or Bi. 



Presence of As, Sb, Pb. 

Presence of a chlorate or 
nitrate. 



Presence of Pb. 
Presence of Pb. 
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Examination for the Metal in Solution. 

Boiled a portion of the powdered substance with 
water, cooled, added HC1 to a part of the clear solution, 
a white precipitate was formed, which disappeared on 
boiling, but appeared again in the crystalline form on 
cooling the liquid (probable presence of Pb). 

Confirmed the presence of Pb by decanting the liquid 
and boiling the precipitate with AmHO, it remained 
white and did not dissolve; decanted the ammoniacal 
liquid, dissolved the precipitate in a little HA and added 
KjCrO^ a yellow precipitate : Presence of Pb. 

Since a nitrate was found in the preliminary examina- 
tion, its presence was confirmed by adding strong HJS0 4 
to tlie aqueous solution of the substance, and pouring 
solution of FeS0 4 carefully upon the cooled liquid in 
a test-tube; a brown ring formed on the surface of the 
acid : Presence of NO y 

Also some of the solution when heated with Cu and 
strong HjS0 4 evolved reddish brown fumes : Presence 
of NO,. 

Found Pb, NO,. 



D. A white powder, emitting no smell, given for an- 
alysis. 

Boiled some of the powdered substance with water, it 
did not dissolve : added a few drops of strong HC1 and 
boiled, the substance dissolved completely (absence of 
Group I.) without effervescence. 

Preliminary Examination for the Metal: 



Experiment. 



Observation. 



Inference. 



1. Heated in a small dry test-tulie. i No change. 



, Dipped a moistened loop of pla- 
tinum wire into the powdeivd sub- 
stance, moistened the powder with 
strong HC1 and held It in the 
Bunsen flame. 

, Heated a portion of the powder 
strongly on charcoal in the inner 
blowpipe flame. 



No flame coloration. 



The substance did not fuse. 

A white luminous residue 
which when moistened 
on red litmus paper 
showed an alkaline re- 
action. 



Absence of volatile and 
fusible sulwtances and 
of water of crystalliia- 
tion, Ac. 

Proliable absence of K, 
Na, Ba, Sr, Oa, Co, Ac. 



Absence of alkali salt 



Presence of Ba, 8r, Ca, 
Mg. 
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Examination of the Solution. 

To a portion of the HC1 solution added HgS- water; 
no precipitate : Absence of Group II. 

To another portion of the HC1 solution added AmCl 
and AmHO in excess, a white flooculent precipitate : then 
added AnigS, the color of the precipitate was unchanged. 

To a few drops of the HC1 solution added KHO, drop 
by drop, until a white flocculent precipitate formed, then 
added excess of KHO and boiled, the precipitate did not 
dissolve, and it did not become discolored in the air: 
Presence of Ba, /Si*, Ca, Mg as phosphate, oxalate, etc. 

Added a drop of the original HC1 solution to some 
AmHMo0 4 solution in a test-tube and warmed gently, 
a yellow precipitate : Presence of P0 4 . 

To another portion of the cold HC1 solution added 
AmHO, drop by drop, whilst constantly stirring until a 
precipitate formed which did not redissolve, then added 
HA and NaA solution until this precipitate dissolved 
when the liquid was well shaken. Fe 2 Cl 6 was added 
until the liquid appeared red ; it was then boiled and 
immediately filtered. To the filtrate AmHO was added 
in excess and the precipitate filtered off, then Am 2 C0 3 
was added, a white precipitate formed : Presence of Ba, 
Sr or Ca. 

Filtered and dissolved the precipitate by pouring upon 
it a few drops of boiling HC1 ; dipped a loop of platinum 
wire into the solution and held it in the Bunsen flame, 
a red flame appearing dingy green through the indigo 
prism : Presence of Ca. 

A few drops of the solution boiled with CaS0 4 gave 
no precipitate, proving the absence of Ba and Sr ; the 
presence of Ca was therefore confirmed by the formation 
of a precipitate on adding to the rest of the solution 
excess of AmHO, and then Am 2 C 2 4 . 

Found Ca, P0 4 . 

E. A white odorless powder given for analysis. 

Boiled a portion of the substance with water, it did 
not dissolve: added HC1 and heated again, it dissolved 
completely (absence of Group I.) without effervescence. 
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EXAMPLES OF ENTRY 



Preliminary Examination. 



Experiment. 


Observation. 


Inference. 


1. Heated a portion in a 
small dry test-tube. 

2. Held a portion of the 
substance on a loop of 
platinum wire in the 
Bunsen flame: then 
moistened with HC1 
and again held in the 
flame. 

3. Heated on charcoal in 
inner blowpipe flame. 


The substance blackened 
slightly ; it evolved 00* 
which turned a drop of 
lime-water milky. The 
residue in the test-tube 
effervesced with HCJ. 
whereas the original 
substance did not. 

A red coloration, appear- 
ing duaky gr«m through 
the indigo prism. 

A white luminous mass 
remained, which when 
moistened on red lit- 
mus paper turned it 
blue. 


Presence of an organic 
salt of K, Na, Ba, 8r, 
Go, or Mg. 

Presence of Ca. 

Presence of Ba, 8r, Oa, 
or If g. 



Examination for the Metal. 
Added to a portion of the HC1 solution strong HjS-water. 



No precipitate ; — 

Absence of 

Group II. 



To another portion of the HC1 solution added 
AmCl, then AmHO in excess, a white precipitate 
formed; added Am^S, the color of the precipi- 
tate remained unaltered. 

To another portion of the solution added KHO, 
drop by drop, until a precipitate formed, then 
more KHO and boiled ; a white precipitate in- 
soluble in KHO, and not darkening in the air; 
— Pretence of oxalate, phosphate, $c. t of alkaline 
earths. 

Since the presence of an oxalate of an alkali or alka- 
line earth-metal was indicated in the preliminary 
examination, a portion of the original substance 
was heated on platinum foil, then dissolved in 
HC1 (effervescence) and to the solution excess of 
AmHO and of Am t 0O 3 was added. The liquid 
was warmed and put aside till the precipitate 
subsided, then the liquid was decanted and the 
precipitate dissolved in a few drops of HOI. 

A platinum wire dipped into this IK "1 solution 
gave a red flame coloration, appearing dusky 
green through the indigo prism: — Presence of 
Ca. [Confirmed by another portion of this HOI 
solution giving a white precipitate with excess 
of AmHO and Am/YV] 
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The presence of C 2 4 was confirmed by heating some 
of the original substance with strong H^C^ : gases were 
evolved which rendered milky a drop of lime-water and 
burnt with a blue flame, showing presence of CO a and 
CO : Presence of C 2 4 . 

Found Ca, C 2 4 . 



F. A yellow, metallic-looking substance given for an- 
atysis. 

Preliminary Examination. 



Experiment. 


Observation. 


Inference. 


• 

1. Heated a portion of 
the substance strongly 
in a small tube closed 
atone end. 

2. Heated strongly on 
charcoal in the inner 
blowpipe flame. 

3. Heated a fragment 
strongly in a glass tube 
open at both ends, 
and held obliquely 
in the flame. 


A yellow sublimate 
formed which melted 
into brown drops: a 
smell of burning S was 
evolved, and a piece of 
paper dipped into 
K s Cr 2 Or solution when 
placed in the mouth of 
the tube became green. 

A brown residue left. 

Strong smell of burning 8. 
The residue fused into 
a dark-colored glob- 
ule, which when cold 
was strongly attracted 
by the magnet. 

A gas was evolved which 
had a suffocating smell, 
and which turned 
KjCtjO; paper green. 


Presence of S. 
Probable presence of Fe. 

Presence of S. 
Probable presence of Fe. 
SO* from combustion of S. 



Solution of substance. 

Warmed the powdered substance with a mixture of 
strong HNO s and HC1, it dissolved completely; boiled 
down in an evaporating dish, adding strong HC1 several 
times ; when nearly dry, diluted with water. 

Examination of tlie solution for the Metal. 

Since the substance dissolved entirely in the presence 
of HC1, Group I. is absent ; to a portion of the solution 
added HjS- water : 
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The solution be- 
came colorless, 
and whiteS was 
precipitated : — 

Probable presence 
of a ferric salt. 



To another part of the solution added AmCl, then 
excess of AmHO, a brown flocculeut precipitate 
formed : to a fresh part added excess of KHO, 
brown flocculent precipitate insoluble in KHO, 
Presence of Fe"'. 

Confirmed the presence of Fe by adding to a fresh 
part of the original solution KCyS solution, a 
blood-red solution ; Presence of Fe'". 



Confirmed the presence of S by adding to a part of 
the original solution BaCl 2 , a white precipitate formed 
which did not disappear on boiling : Presence of S0 4 
derived from oxidation of sulphur. 

Found Fe, 8: 

G. A white powder given for analysis. 

Boiled a small portion with water, it did not dissolve. 
Boiled another portion with HC1, it did not dissolve: 
added HNO s and heated again, the substance was not 
dissolved. Hence the substance is insoluble in water 
and in acids, and since it is white, it can only be BaSO^ 
SrS0 4 , (CaS0 4 ), PbS0 4 , (PbCl^, AgCl, SiO a , A1A, 
SnO^ Sb 2 4 or CaF 2 . 

Poured AnijS upon some of the substance, its color 
was unchanged : Probable absence of Pb y Ag y Sn, Sb. 

Preliminary Examination. 



Experiment. 


Observation. 


Inference. 




1. Took some of the 








powder up with a loop 








of moist platinum 








wire, ignited it 








strongly in the Inner 








blowpipe flame, mois- 
tened it with HC1, 






 








and held In the Bun- 


A yellowish green color- 


Presence of Be, 




sen flame. 


ation. 






2. Fused a portion with 








NafCOg on charcoal 








in the Inner blowpipe 
flame, placed the 
cooled mass on a 




















bright shilling, and 








moistened It with a 


A black stain on the 


Presence of S. 




drop of water. 


coin. 







OF A SIMPLE ANALYSIS. 



217 



Examination of the Solution. 

Fused some of the powder with fusion mixture on 
platinum foil : boiled the cold mass with water; filtered. 

Filtrate: made acid with HC1 and added BaCl 2 , a 
white precipitate, which did not disappear on boiling 
the liquid : Presence of S0 4 . 

The residue on the filter was well washed with boiling 
water, and boiling dilute HC1 poured upon it, it dis- 
solved completely. 



Absence of 
Group I. 



To a portion added strong HjS-water and heated : 



No precip- 
itate. 
Absence of 
Group II. 



To another portion added AmCl, then AmHO in excess, 
then AnifS, and boiled : 



No precip- 

Abeence of 
Group III. 



To another portion of the original solution 
added AmUl, AmHO, and Am^COs : 



A white precipitate: Presence of Ba, Sr, 

or Ca. 
A platinum wire loop dipped into the 

original solution gare a yellowish green 

tint to the Bunsen flame : 
Pretence of Ba. 



Found Ba, 80 4 . 



SECTION VI. 



FULL ANALYTICAL COURSE AND TABLES. 



INTRODUCTORY REMARKS. 

After having tried the reactions in the fourth section, and 
learnt how to detect the members of each group occurring singly 
or together, substances containing any members of any or all 
of the groups should be analyzed. The substance given for 
analysis should be either a liquid or a solid, since the full an- 
alysis of a gaseous mixture is not provided for in the following 
course. 



Preliminary Examination of Complex 

substance8. 

374. Before proceeding to employ the full course of 
analysis for substances of complex composition it will 
be well to examine a few substances for metals and acid 
radicles by the preliminary tables given in paragraphs 
383, 384, 385 et seq. For a detailed account of any of 
these teste the student must refer back to the description 
given of it in the fourth section. 

375. A little study of these tables (388-415) will 
show that they contain certain principal tests marked 
thus, — " Exp. I. ;" these stand in the first column : in 
the second column are placed the results which may be 
noticed on trying these experiments; a glance through 
these will forewarn the student of what has to be looked 
for. The main classification of the observations which 
may be made is indicated by large-type letters; the 
subsidiary divisions are marked by small numbers and 
italic*, and the individual results are simply placed in 
succession in a vertical column. 

218 
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Occasionally an observation is made which it is ad- 
visible to confirm by an additional experiment : this 
confirmatory test is then entered in the first column just 
below the original observation, and is marked Con- 
firmatory to distinguish it from the main experiment ; 
its results are placed beside it in the second column. 
The student must understand that any of the results 
entered in the second column may be obtained. 

A few salts and mixtures such as those mentioned in 
560 should be subjected to a careful preliminary ex- 
amination by the student, and the results obtained should 
be carefully entered, as soon as they have been obtained, 
in the tabular form, as is shown in 488. 



Full Examination of Substances in Solution. 

After having become familiar with the preliminary 
examination of solid substances the student should fully 
analyze some easy substances containing only a few metals 
and acid radicles, beginningat paragraph 385 and follow- 
ing up the preliminary examination by dissolving the 
substance and making a systematic examination of its 
solution. In examining the solution for metals the 
following general explanation should be attended to : 

376. It is necessary first to separate the metals into 
groups by adding the group reagents in such order that 
each precipitates the metals of one group only, leaving 
in solution the metals of all other groups which may be 
present. 

This is effected by adding the group reagents as is 
directed in the General Table (419) ; the Group Table, 
on pages 178, 179, furnishes a convenient explanation 
of this scheme. 

The first reagent added is HC1, which precipitates only 
the metals of Group I. and leaves the metals of Groups 
II., III., IV. and V. in solution ; hence, if a precipi- 
tate is obtained on adding excess of HC1, it is filtered off, 
and any member or members of Group I. will then be 
present upon the filter, whilst the members of all other 
groups remain in the filtrate. 
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On passing HjS into the filtrate,* metals of Group II. 
alone will be precipitated and may be filtered off. 

The filtrate,* after removal of H^ and oxidation of 
any Fe by boiling it with HNO3, raa y ^ mixed with 
AmCl and excess of AmHO ; the AmHO will precipi- 
tate any members of Group III.a, Group III.b and Mg 
remaining dissolved by the AmCl. 

The addition of Am^3 to the filtrate* will then sepa- 
rate Group III.b as sulphides. 

Group IV. is precipitated from the filtrate* by the 
last group reagent, Am 2 CO s , and the filtrate* is examined 
for Group V., the members of which, not being pre- 
cipitated by any group reagent, may now be present in 
solution. 

377. Addition of reagents in excess. — Each group 
must be completely precipitated before adding the next 
group reagent ; hence it is necessary, if any precipitate 
has been formed by a group reagent, to add that reagent 
in excess before proceeding to add the next one : unless 
the presence of each reagent in excess is made certain 
before proceeding, much confusion may be caused. 

The general method for ascertaining that a group re- 
agent is present in excess consists in adding a few drops 
more of it to the liquid, which has been rendered clear 
by letting the precipitate settle or by the filtration of part 
of it ; if any further precipitate is formed, the whole of 
the liquid should be well stirred with more of the re- 
agent, and the clear filtrate again tested in the same way ; 
this process must be repeated until no further precipitate 
is caused. 

In certain cases this method of proceeding is rendered 
unnecessary, the excess of a reagent being detectable by 
its smell after the solution and reagent have been well 
mixed and the air above the liquid has l)een blown out. 
This is the case, for example, with H^S and with AmHO. 
In other cases, as, for example, with yellow AnijS, the 
excess is seen by the color 01 the filtrate. If, however, 



• Or solution, supposing no precipitate to have been obtained, and 
filtration, therefore, to have been unnecessary. 
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an acid or alkaline substance is to be added in excess, the 
student should always prove the excess by the use of 
test paper. 

378. Washing group precipitates. — Before examining 
each group precipitate it is necessary that it should be 
washed thoroughly from adhering solution, as is de- 
scribed in Exp. 52 (31) ; this must also be done in the 
separations by filtration described in the Group Tables. 
If the washing has not been satisfactorily carried out, 
many complications may arise. 

379. Evaporation before precipUating the Third 
Group. — Certain organic substances hinder or prevent 
the precipitation of the members of Group III.A. by 
AmHO: these are usually detected in the preliminary 
examination, and if they are detected, it is necessary to 
destroy them by evaporation and ignition before pro- 
ceeding to precipitate Group III. 

Evaporation to dryness and gentle ignition are also 
necessary to separate Si0 2 , which, if it remained in 
solution, might be mistaken for Al a H 6 6 . 

But if organic substances, borates, fluorides, and 
silicates are known to be absent, it is sufficient to boil 
the filtrate from Group II. until it no longer smells of 
H^, then add a few drops of strong HNO a and con- 
tinue to boil the liquid for several minutes, in order to 
completely remove H^ and to convert ferrous into ferric 
salts. 

The separation of the sub-groups III.A. and III.B. 
in the general table (419) is never complete: for an 
account of more exact methods the student is referred to 
paragraphs 459 et seq. 

The method of examining the precipitates in Group 
III. may also be influenced by the presence of a phos- 
phate in the solution : this is fully explained in 463. 

380. It will be seen that the full course of analysis is 
so arranged that it serves not only to detect what is pres- 
ent in a substance, but also to prove that all else is 
absent : this is usually the object in view when analyzing 
an unknown substance. 
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The process may in most cases be shortened by using 
separate portions of the solution : the plan adopted in 
the general table of working throughout with the whole 
of the solution is however preferable, since it enables the 
analyst to form an opinion as to the relative quantities 
of the different substances present ; and this is usually 
important. 

An example of entry of results is given in 488 ; it 
will be seen that the form adopted is that of the analyt- 
ical tables. 

Substances for analysis are mentioned in 560, 561. 

The student will do well at first to gain much ex- 
perience in the analysis of easy mixtures, which are com- 
pletely soluble in HC1 and contain no cyanogen, organic 
salts, silicates or phosphates precipitable in the Third 
Group. The analysis will thus be much simplified, since 
it will be unnecessary to evaporate the filtrate from the 
second group to dryness, or to follow any special method 
of precipitating and examining Group III. 

When the ordinary course of analysis has been mastered, 
substances should be attempted in which the above com- 
plications exist: and finally minerals, water residues 
and artificial products and bye-products should be 
analyzed, in which minute traces of their constituents are 
carefully looked for. 

It will be unnecessary to do more than mention the 
extreme importance of the spectroscope in rapidly dis- 
covering certain substances, especially when they are 
present in minute quantity only (42). 



ANALYTICAL TABLES. 



GENERAL COURSE OF ANALYSIS FOR SOLID 
AND LIQUID SUBSTANCES. 



381. Unless cyanogen is known to be absent, it must 
be tested for in a small portion of the substance by the 
tests described in 304, 306. If cyanogen is detected, 
refer to 482 et seq. for the preparation of the solution 
and the method of analysis. If cyanogen is not present, 
the substance is examined by 383, 384 or by 385 et 
seq., according as it is a liquid or a solid. 

382. A silicate may also be tested for by fusing some 
of the finely-powdered substance in a bead of microcos- 
mic salt (294). If a liquid is being examined, a portion 
of it is evaporated to dryness, and the solid residue is 
then examined. 



I. THE SUBSTANCE FOR ANALYSIS IS A LIQUID. 

383. Test it with blue litmus paper and with either 
red litmus or turmeric paper : one of the following re- 
sults will be obtained (34) : — 

1. It is neutral, not changing the color of either paper: this 
shows the absence of acids and alkalis and of salts witn acid or 
alkaline reaction. The salts of Ag and Mg and certain salts of 
Am, Na, K, Ba, Sr and Ca are the only neutral soluble salts. 

2. It is acid, turning blue litmus red : this proves the pres- 
ence of an acid, or of a salt with acid reaction. 

3. It is alkaline, turning red litmus blue, or turmeric brown : 
indicating the presence of Am, Na, K, Ba, Sr or Ca as hydrox- 
ide, or of a salt with alkaline reaction, 
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384. Evaporate a few drop of the liquid upon 
platinum foil, thin glass or porcelain, smelling it occasion- 
ally : — 

1. A residue is left — Examine the liquid by the further pre- 
liminary tests in 884: or evaporate a portion of the solution to 
dryness in a porcelain dish, avoiding heating the substance after 
it is dry, ana examine the residue by the preliminary tables for 
metals and acid radicles (386-417). Examine the larger part of 
the solution for metals oy the general table (419), paying 
attention to 420 : reserve the rest of the solution for the ex- 
amination for acid radicles by 440 et seq. 

2. No residue is left — The liquid must consist of some volatile 
substance, probably of water ; this is either pure or contains 
certain rases or volatile substances, such as (NH 4 ),CO., CO,, 
NH 8 , HC1, Br. These may be detected by their smell, bv the 
action of the liquid on litmus paper or by special tests. If the 
liquid has no action on litmus, no smell, leaves no residue on 
evaporation and is tasteless, it is pure water. 



II. THE SUBSTANCE FOR ANALYSIS IS A SOLID. 

385. Carefully note the appearance of the substance. 
If it is lustrous and metallic, refer to 467 for the 
method of analysis ; if it is non-metallic in appearance, 
proceed to further examine the substance as follows : 

Note down anything that can be learned about the 
physical properties of the substance by the use of the 
senses, aided by a magnetized penknife blade and a lens 
or microscope. 

Note especially whether the substance consists of more 
or less sparkling particles with similar geometrical shape, 
when it is said to be crystalline; or whether the particles 
are amorphous and irregular in shape. 

Also test the hardness, by ascertaining whether it is 
readily powdered ; or, if the particles are sufficiently 
large, by finding the ease with which they are scratched 
by the point of a penknife ; very hard substances, such 
as quartz, cannot be scratched by a knife. 

Try whether it is magnetic by immersing the tip of a 
magnetized blade into the finely-powdered substance, and 
seeing whether the particles are attracted; Fe and certain 
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of its compounds are the most powerfully magnetic 
bodies known, but Mn, Ni, Co and certain of their 
compounds are also magnetic. 

Note also whether the substance possesses any char- 
acteristic smell or color. The following are some of 
the more commonly occurring colored compounds ; 

Blue : hydrated cupric salts, and anhydrous cobalt salts. 
Green : certain Fe" salts are pale green ; CuCl„ salts of Ni, 

manganates, and certain compounds of Cr are intense 

green. 
Yellow : HgO, normal chromates ; Fe"' salts are brownish 

yellow. 
Red : HgO, Hgl s , HgS, Pb ? 4 ; dichromates are orange red. 
Pink : salts of Mn are delicate pink ; hydrated salts of Co 

are reddish pink. 
Brown : FeA, PbO, ; PbO is light brown. 
Black: CuO, MnO» Sb,S s , FeS. 
White: anhydrous salts of Cu and Fe", and many other 

substances. 
Colorless: a large number of colorless substances are known ; 

these, as well as many of the faintly-colored bodies, 

yield white powders when crushed. 

386. After completing the above examination the 
solid substance is reduced to the finest powder possible 
by rubbing it in the mortar. An ordinary Wedgwood 
mortar may be used for powdering substances which 
are pretty soft; but hard rocks and minerals frequently 
require to be first crushed in a clean, bright steel mortar, 
by blows of a hammer, and to be afterwards pulverized 
in an agate mortar. 

The subsequent chemical examination of the sub- 
stance is very greatly facilitated by carefully reducing 
it to an impalpable powder, which does not feel gritty 
when rubbed beneath the pestle or between the fingers. 

387. A portion of this powder is submitted to the 
tests described in the following preliminary examina- 
tions for metals and acid radicles, the remainder being 
reserved for the fuller method of examination by solution 
(418 ee seq.). 
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PRELIMINARY EXAMINATION. 



[888,889. 



Experiment. 



888- Exp. I.— Heat a small 
quantity of the substance 
in a small test-tube or 

Jiiece of bard glass tub- 
ng drawn off at one end. 



Observation. 



a. The substance does not change. 



b. The substance changes. 
1. R cktmgm eolor : — 



hot. 



ti 



ft 



waits, cold. 
peflow " 
fellow " 
red- ) 4i 
brown) 



Confirmatory.— The subli- 
mate Is carefully exam- 
ined, if necessary, with 
the aid of a lens. 



I 



889* OtaAmalory.— Heat 
another portion of the 
substance, mixed with 
about three times as 
much NajCOj In fine dry 
powder and a little KCy 
in a tube closed at one 
end (147). 



Yellow, 

Yellow, brown 

Yellow-brown 

Dark red or) 
black | 
The substance blackens — 
«. Emitting a smell of burning. 
The black carbon may be 
burnt off by strongly heating 
on platinum foil with the 
blowpipe flame. 

Smell of acetone. 
Smell of burning sugar. 
b. Emitting no smell of burning. 
The color is not removed by 
ignition, as under a. 



2. J* /***», emd 
again on cooling, 



bcco wu e tolid 



3. n HlUlWIffl. 

White, crystalline (sparkling) subli- 



White, non-crystalline sublimate. 
Black sublimate, becomes red when 
rubbed. 

Yellow sublimate. 



Sublimate of reddish drops,) 
which are yellow when cold, j 

Violet vapor, cooling to blackish 
crystals. 

Grey mirror, which when rubbed 
with a splinter of wood or a glass 
rod, or when examined by a fens, 
is seen to consist of globules of 
Hg. 

Blackish brown, shining mirror, and 
smell of garlk ; no globules. 



Inference. 



Absence of orgamie sub- 
stances which black- 
en and give off a smell 
of burning ; of vola- 
tile substances which 
sublime ; of sub- 
stances which are 
altered by ignition ; 
and of wafer com- 
bined with or ab- 
sorbed by the sub- 
stance, which would 
be evolved as steam 
and form drops on 
the side of the tube. 



I 



ZnO. 
FbO. 
8nO, or BigO* 

Presence of organic 
matter. 



An acetate. 
A tartrate. 
Probable 
Co or Cu salts. 



of 



Salts of alkalis or cer- 
tain salts of the alka- 
line earths. 



Compounds of Am, As, 

Hg; or free 8 or L 
HgClt, AajOfr 

Probably Am salt 
HgS. 




Hgl 
when rubbed. 

8 free or from certain 

polysulphides. 
P res e nce of I. 



Presence of Hg. 



Prssrace of As. 
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Experiment. 



390. Conftrmaiory.—Ponr a 
little strong KUO eola- 
tion upon eonie of the 
sulwtauce and heat to 
boiling; or mix some of 
the substance with soda- 
lime in a mortar, and 
moisten and heat 



891. On^irm<ilor».— Exam- 
ine the drops of water on 
the sides of the tune with 
blue and red litmus 
papers. 



892. Confirmatory.— Intro- 
duce a burning splinter 
of wood into the tube. 

893. Confirmatory. — Intro- 
duce a glass rod moistened 
with lime-water into the 
tube. 



Observation. 



394. Confirmatory. — Intro- 
duce a glass rod or slip of 
paper moistened with 

KjCrA- 



395. Confirmatory. — Intro- 
duce a glass rod carrying 
a piece of moist litmus. 

398. Confirmatory.— Intro- 
duce a glass rod with 
moist starch powder on 
its end. 



NH 8 is giren off, known by its smell 
and by turning moist red litmus 
paper blue or turmeric paper 
brown ; the change in color is 
only a trustworthy indication if it 
occurs very soon, as the Nils in 
laboratory air often causes it to 
occur after a time. 



4. The tvbmUutee gi*f off water. 

It fuses first, then gives off water, 
and again becomes solid if the 
beat is continued. 

It swells up considerably whilst 
giving off its water. 

The water is alkaline. 

The water is acid. 



6. Oas or vapor i* give* off.* 
a. It is without smeB. 

It burns more brightly, and if in- 
troduced with a spark at the end 
is inflamed. 

The flame is extinguished. 

The lime-water turns milky. 

The lime-water does not turn milky, 
but the flame is extinguished (392). 



Inference. 



b. The ga$ or vapor has a tnuil. 

Smell of burning S. 
The KjCrjOy turns green; moist 
blue litmus is also reddened by the 



Reddish brown nitrous fumes are 
given off, known by their peculiar 
smell, and by not coloring starch 
paste orange red. 

Smell resembling CI : — 

Yellowish gas, which bleaches moist 
litmus. 



Brown vapor, which colors the 
moist starch powder orange red. 

Violet vapor, which colors starch 
solution blue. 

NH, is smelt 



Presence of NH* 



Presence of water, ab- 
sorbed or combined. 

Water of crystallisa- 
tion. 

Borax and certain bo- 
rates, alums and 
phosphates. 

Probably NH4 com- 
pounds. 

Presence of volatile 
acids: e.g., HNOk, 
HC1, HjSO*. 



O from chlorates ni- 
trates, peroxides, etc. ; 
or possibly N«0. 

OOfOrN. 

CO, from carbonates, 
oxalates, etc 

N from AmNOf proba- 
bly. 



80* from combustion of 
free 8, or from acid 
sulphites, thioaul- 
phates, reduction of 
sulphatesor oxidation 
of sulphides. 

Nitrates of heavy met- 
als (eg. of Pb, Bi, 
Hg, etc.). 



CI from certain chlo- 
rides. 



Br from certain bro- 
mides. 

I, free or from certain 
iodides. 

NH 4 or cyanogen com- 
pounds. 



* This will usually be shown by effervescence of the substance ; if the gas or vapor is 
not detected by its color or smell, it can only be found on testing for it specially by 398 and 
393. 
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PRELIMINARY EXAMINATION 



[897-399. 



Experiment 


Observation. 


Inference. 




e. The gae eon be ignited, ana* owns 
at the mouth of the tube with a: — 

Pale yellowish green flame, more or 
lew explosive. 

Bright white flame, producing white 
fumes ; the unburnt gas smells of 
garlic. 

Peach-bUmom colored flame. 


NHg probably from ' 
strongly heated i 

PHg probably from a 
hypophosphite. 

Cy from a cyanide, prob- 
ably from HgOy*. 

1 

1 


897. Exp. II.— Dip a mois- 
tened loop of platinum 
wire, which gives no color 
to the Bunsen flame, into 
the substance, and bold 
the loop with the adher- 
ing powder near the top 
of the Bunsen flame, or 
in the inner blowpipe 
flame. Then moisten 
with a drop of strong 
HC1 and heat again. 
Continue the heating 
until no further change 
occurs in the color of the 
flame. 

The flame coloration should 
also be carefully exam- 
ined by means of the 
spectroscope. (42) . 

Note.— It silicic acid is 
present, the colorations for 
K and Na usually show 
only after ignition of the 
powdered substance with 
powdered GaS0 4 


a. The substance colors the flame : 

1. Intenee yellow. 

Examine the flame through 
the indigo prism ; a crimson 
color is seen. 

2. Pale violet, crimson through) 

the indigo prism. J 

3. YeUowieh green. 

4. frtnuow, same through the! 

Indigo prism. J 

6. Orange red, dingy green) 
through the indigo prism. / 

6. Bright green. 

A blue color is seen after 
moistening with strong HC1. 

»• ■» {EST 


Na. 1 
Presence of K or Sr, or , 
both. 

K. 

Ba probably. 

Sr. 

1 

Cm. 

1 

CuorBgQ* | 

Cu. | 

CuCl*. CuBr* 
As, 8b, Pb. 


b. The substance does not color the 
flame. 


Probable absence of the 
above. 


898. Exp. III.— Heat the 
finely-powdered substance 
in a small cavity scooped 
in a piece of wood char- 
coal, in the blowpipe 
flame. 

899. Confirmatory.— Detach 
a portion of the cool resi- 
due from the charcoal, 
place it upon a piece of 
red litmus paper, and 
moisten with a drop of 
water. 


a. The substance decrepitates, or 
crackles. 

b. The substance deflagrates, or 
causes charcoal to burn rapidly. 

c. The substance fuses easily, and 
is absorbed by the charcoal, or 
forms a liquid bead. 

D. An infusible residue is left on the 
charcoal. 


NAC1 and certain other 
crystalline salts. 

Chlorates, nitrates, 1 
etc. j 

Salts of alkalis and cer- 
tain salts of the alka- 
line earths. 

1 


1. The reeidue ie white and very Jn- 
mimoue. 

The paper turns blue, showing the 
residue to be alkaline. 


Probably BaO, PrO, 
CuO, MpO, Al^»j , 
ZnO(orSiOs). 

BaO, SK), CaO, and 
possibly MgO. 

1 



f 






4 

\ 
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Experiment 



400* Confirmatory. — Hois 
ton the residue on the 
charcoal when cool with 
sereral drops of Co(NO s )j 
solution, and heat again 
strongly in the outer 
blowpipe flame. 

401. Confirmatory.— Heat 
a small quantity of the 
substance in a clear col- 
orless borax bead, first 
in the outer, then in the 
inner blowpipe flame. 



402. Confirmatory.— Tht> 
presence of Mn and Cr 
may be confirmed by 
fusing the substance 
with Na,CO, and KNO, 
on platinum foil. 



403. Confirmatory.— Heat 
also some of the sub- 
stance, mixed or covered 
with powdered KCy and 
Na,00g or K-CjOa, on 
charcoal in the inner 
blowpipe flame. 



404. Confirmatory. — De- 
tach several of the glob- 
ules with the point of 
a knife, and strike them 
on the bottom of an in- 
verted mortar with the 
pestle ; if they flatten to 
a cake they are mallea- 
ble, if crushed to a pow- 
der they are brittle. Try 
also if a globule, fixed 
on the point of a knife, 
marks paper. 

Note.— The appearance 
and malleability of one 
reduced metal in fre- 

aueutly much alterM by 
he presence of another. 

21 



Observation. 



A blue residue, the color of which 
does not disappear with intense 
heat 

A pink residue. 

A green residue. 



2. The residue is 
Color 
In outer flame. 
Green, hot, and 

blue, cold. 
Blue, hot and 

cold. 
Violet, hot, and 

yellow, cold. 
.Brown-red, hot: 

yellow, cold. 
Green, hot and 

cold. 
Beddieh purple, 

hot and cold. 



colored. 
of bead : 

In inner flame. 
Colorless, or t 

red, cold. 
Bine, hot and 
cold 

Grey or opaque. 

Olive green, hot) 
and cold. J 

Green, hot and 
cold. 

OotorletM, hot 
and cold. 



Light yellow 



on cooling. 



Bhtegreen mass on cooling. 



3. The residue ie colored or me- 
tallic scales or globule* are teen. 

The substance is reduced to the 
metallic state. (See 407. ) 

a. Without incrustation. 

Brilliant white metal. 
Yellow metal. 
Bed scales or globules. 
Grey powder, attracted by a mag- 
netized knife-blade (407). 



b. With incrustation. 



Globules. 
White,maUeable, 
not marking 
paper. 

White, brittle. 

White, malleable, 
marking paper. 

White, brittle, 
giving white 
fumes. 

White or none. 

While or none. 

None. 



Incrustation. 
None or very 
alight 



Orange, hot. ) 
Yellow, cold. ) 
Yellow, hot and 
cold. 

While, close to 
substance. 



} 



Yellow, hot 
White, cold. 
Bed-brown,eeai\y 

volatilised. 
White, and white 

fumes ; smell 

of garlic 



Inference. 



AljOj, and some phos- 
phates, silictttuts 
and borates. 

MgO. 

ZnO. 



Ou. 
Go. 
NL 
Fe. 
Cr. 
Mn. 

Cr. 



} 



(See 402.) 



Mn. (See 406.) 



An, Ag, Cu, Pb, 8n, Sb, 
Bi ; [Co, Ni. Fe, Mn, 
form grey powder*]. 

Au, Ag, Cu, Co, Ni, 
Fe, Mn. 

Ag. 

Au. 

Cu. 

Fe, Go, Ni, Mn. 



Sn. 



BI. 
Pb. 

Sb. 



Zn. 
Gd. 
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PRELIMINARY EXAMINATION 



[405-409. 



Experiment. 


Observation. 


 

Inferences. 


405. Bxp. IV.— Fuse 
some of the substance, 
mixed with Na^CO* on 
charcoal in the inner 
blowpipe flame produced 
from a spirit-lamp; re- 
more the fused mass 
when cold, place it on 
a bright silver ' coin, 
moistened with a drop of 
water, and let stand for 
several minutes. 

• 


On rinsing off the substance, the 
coin is found to be stained black 
(228). Also, if a drop of Ha be 
placed upon the mass, a smell of 
HJ3 is perceived, ana lead-paper 
is blackened. 


Presence of 8, free or 
combined. 

Note. — Since this 
reaction serves to 
detect 8 and sulphur 
acid radicles, it more 
properly belongs to 
the preliminary ex- 
amination for acid 
radicles: it is, however, 
best tried here. 



Notes to the Preceding Preliminary Table. 

406. The green color produced by Mn conceals the light 
yellow due to Cr; on boiling the residue with water it gives a 
pink or purple solution, the color of which is best seen on 
filtering: this color is due to the formation of KMn0 4 , and 
shows Mn to be present. On acidifying this solution with HA 
and boiling again for several minutes, the purple color is de- 
stroyed; and on filtering, the yellow color due to Cr is seen: 
the presence of Cr may be further confirmed by the formation 
of a yellow precipitate in the acid solution on addition of PbA r 

407. The metal is best separated and examined by detaching 
the mass when cold from the charcoal, and powdering it by 
crushing in a mortar or on a watch glass with a little water, 
letting stand for a short time, and then quickly pouring off the 
water down a glass rod or pestle, which is wetted and pressed 
against its edge; by several times repeating this operation, the 
heavier metallic particles alone are left in the mortar or watch 
glass (40). 

409. Note. — When the substance to be examined contains 
several bodies, they frequently more or less mask one another's 
reactions: thus Co, if mixed with Fe, will give a bead green 
whilst hot and blue when cold, thus resembling Cu, but differing 
in remaining blue in the inner flame: hence the composition 
of many complex mixtures is only roughly indicated by the 
preliminary examination, and must be confirmed and estab- 
lished in the wet way. Many Bubstances, more particularly 
minerals, however, can be completely analyzed by a careful 
preliminary examination. 
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PRELIMINARY EXAMINATION FOR ACID 

RADICLES. 



410. The substance is required for this examination 
in the state of powder or of strong solution. 

If the substance given for analysis is a solution, part 
of it may be evaporated to dryness : the dry residue is 
then finely powdered and subjected to the following 
tests. If several aeid radicles and metals are present, 
the reactions may be more or less perfectly concealed or 
altered ; hence failure in obtaining a certain reaction does 
not in all cases necessarily prove the absence of an acid 
radicle. 



Experiment 



411. Exp. I.— Treat 
Mine of the sub- 
stance with dilute 
HC1 and note the 
result, then heat 
moderately. 



Dip into the HC1 solu- 
tion a strip of tur- 
meric paper. 



Observation. 



One or more of the following 
gate* mag be evolved : — . 

A colorless gas without 
smell, which turns milky 
a drop of lime-water on 
the end of a glass rod. 

A gas of suffocating smell, 
which turns a drop of 
KfCrgOx solution green. 

Yellow 8 is precipitated 
at the same time. 

A gas with fetid odor 
which blackens a drop of 
PbA t solution, or a piece 
of lead paper (416). 



Beddish fumes. 

A yellowish green gas, of 
suffocating smell, which 
bleaches moist litmus 
paper, is evolved : — 

a. In the cold ; and also 

evolved on adding HA. 

o. Only when heated. 



A colorless gas, smelling 
of bitter almonds. 



On drying this paper at a 
gentle heat, it becomes 
reddish brown. 



Inference. 



GOgfroma carbonate. 

SOg from a sulphite, or 
from a sulphate in the 
presence of AajOs or other 
reducing substance. 

80s and 8 from* a thio- 
sulphate. 

HjS from a sulphide ; or 
possibly from a sulphite 
or thioeulphate, if Zn or 
other reducing agent be 
present. 

Ng0| from a nitrite. 



CI from hypochlorites. 

CI from action of HC1 on 
oxidising substances: e. g. % 
MnO,, chromates, ni- 
trates, chlorates, Ac 

HCy from a cyanide. 



Presence of a borate (283). 



232 



PRELIMINARY EXAMINATION* 



[412-414. 



Experiment 



412. Exp. II.— Heat 
another portion gently 
with strong HjSO^ 
No attention need be 

paid to gases evolved in 

Exp. I. (411). 

Confirmatory — Mix some 
of the substance with 
MnO, frm from chlo- 
ride, add strong H f 804 
and warm. 



418. QmJbrmator$ —Drop 
into the hot liquid a few 
small pieces of copper. 
If no brown fumes are 

seen proceed to 414. 

414. Confirmatory.— %oi\ 
some of the substance 
with water, or take some 
of the solution if a 
liquid ; cool, add about 
twice as much strong 
HjSOfc cool, and pour 
cold solution of FeS0 4 
carefully in upon the 
top of the acid liquid. 



Observation. 



1. A gas is evolved with 
pungent smell, which 
fumes in the air, and 
renders milky a drop of 
AgNOg solution made 
acid with UNO,. 

A peUow gas is given 
off with strong smell 
which bleaches moist 
litmus paper (417). 

Brown vapor is given 
off which colors a little 
moist starch powder 
orange red. 

VtoUt vapor is given 
off, which colors a drop 
of starch paste blue. 

2. A heavy fuming suffo- 
cating gas is evolved, 
and the liquid behaves 
as if the glass were 
greasy , on rinsing out 
the tube, and drying 
it thoroughly, the in- 
side is seen to be 
corroded and dimmed. 

3. The acid fumes are 
reddish, usually seen 
only on heating after 
adding a few fragments 
ofCn. 

A dark brown ring or 
layer forms upon the 
surface of the add, 
best obtained on cool- 
ing the liquid by im- 
mersing the test-tube 
in cold water. 



4. The acid is colored 
reddish yellow, and a 
yellow gas is evolved 
which smells like CI 
and bleaches litmu*. 
on heating the acid 
explosion <»r crackling 
occurs. Confirm by 
252. 

6 The substance changes 
from yellow to green, O 
being evolved, as is 
shown by a glowing 
taper. 



Inference. 



HOI, HBr, HI, HF* from 
chloride, bromide, 
iodide, or fluoride. 



Probably CI from a 
chloride. 



Br from a bromide. 



I from an iodide. 

HF from a fluoride : con- 
firm by 296. 

The HF acting upon the 
silica of the glass evolves 
SIFa, which is detected 
by holding a moistened 
glass rod In the gas, 810, 
is deposited aa a gela- 
tinous film upon it. 

Presence of nitrate. 

If iodide is present it 
must usually be separated 
byCu s S0 4 (266) before a 
nitrate can be detected. 



Presence of a nitrate. 



Pretence of a chlorate. 

For detection of a ni- 
trate and chlorate when 
mixed, see 266. 



Presence of a chromate. 



• HF would render the drop milky by depositing SiO, from 81F* formed by 
its action on the glass, but it is distinguished by corroding the glass. (See 
412, 2, note.) ^ 
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Experiment 


Observation. 


Inference. 


416. CbnArmoJory.— Add 
a little alcohol to the 
substance and heat 
withHj&CV 


6. Yellowish green gas, 
with suffocating smell, 
which bleaches moist 
litmus. 

7. The same gas as in 6, 
but colored reddith 
brown by nitrous fumes : 
or colored reddish 
brown by CrOCl* 

8. Substance does not 
blacken, buteTolres CO 
which burns with a blue 
flame, and CO* which 
turns a drop of lime- 
water milky. 

9. Substance blackens, 
and SO, is smelt. 

10. A smell of acetic acid 
or vinegar is noticed. 

Strong fragrant odor. 


CI from a hypochlorite 
(detected already in 411), 
or from a chloride in 
presence of MnO* 6c 

A chloride in presence of 
a nitrate or nitrite. 

A chloride in presence of 
achromate. 

Presence of an oxalate. 
Presence of a tartrate. 
HA* from an acetate. 

Ethyl acetate from an 
acetate. 



Notes on the Preceding Table. 

416. The S present in sulphides which are not decomposed 
by dilate HC1 is detected by fusing the powdered substance 
with two or three times as much fusion mixture (N^CO, + 
K,CO s ) in a covered crucible, boiling with a little water, and 
placing a drop upon a bright silver coin, when a dark stain 
will be produced ; or by adding excess of an acid to the solu- 
tion, when HJ3 will be evolved. Smaller quantities of S may 
by detected by the formation of a black color or precipitate 
on adding Pb A, to the solution of the fused mass. 

417. Chlorides treated in this manner evolve CI, recognized 
by its color, smell, and bleaching action on litmus paper ; but 
this test for chlorides is trustworthy only if the precautions 
stated in 259 are attended to, since many samples of MnO, 
evolve CI when warmed with HjS0 4 . 
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EXAMINATION FOR METALS. 



The preliminary examination of the solid substance 
must be followed by preparing a solution of it, and sub- 
mitting this to the more full and systematic examination, 
which commences in 419. This is often termed " The 
Examination in the Wet Way." 



Process op Solution. 

418. A portion of the solid, reduced to an impalpable 
powder (386), is Jxriled in a flask or boiling tube with 
distilled water : if it dissolves entirely, proceed to 41 9. 

If the powder does not dissolve, allow the liquid to 
stand until the undissolved portion has in great part 
settled, then decant through a filter : the filtrate is Solu- 
tion I. : — 



, — I 

Residue in flask : boil with dilute HC1 (418a), allow any residue to settle, 
decutit through the filter used abore (4186) ; repeat this process and 
finally boil the residue with strong HCl, let settle, decant through the 
filter :— 


Filtrate is 
Solution II. 


Residue: heat with dilute, then with strong HNO, (418c), 
as was directed abore for HCl ; decant through the 
filter :— 


Filtrate is 
Solution III. 


Reeidue may be warmed for a short time 
with a mixture of strong HNO, (386a) 
with three times as much HCl ; If this 
does not dissolre it, dilute and decant 
the acid mixture through the filter : — 


Filtrate is 
Solution IT. 


Residue : wash well with 
water, dry, and examine 
as directed (476 et $eq.) 
for substances insoluble 
in water and adds. 



Solutions I., II., III., IV. need not be examined 
separately. Add to I a few drops of dilute HNOj, and if 
no precipitate is produced (420), acidify it with HCl, add 
also to Solution III. some HCl : any precipitate caused 
by HCl in these solutions is filtered off and examined 
by Table I. The Solutions I., II., III., IV. are then 
mixed together, and any precipitate produced by mixing 
them is examined by 475 as an insoluble substance. 
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It is best to boil down Solutions III. and IV. consid- 
erably, in order to get rid of most of the HNO, which 
they contain, before mixing them with I. and II. The 
solution is then examined by 419. 

Notes on the Process op Solution. 

418a. Any changes which occur on the addition of 
HC1 should be noted down. Notice especially whether 
any gases are given off: many of these may be recognized 
by their smell, but a closer examination of them may be 
neglected, as they will have been already obtained in 
the preliminary examination for acid radicles (411). If 
the gases come off from the aqueous solution on adding 
HC1, or on mixing the HC1 and aqueous solutions, they 
must have been present in salts soluble in water, prob- 
ably salts of alkali metals ; if they are evolved on treat- 
ing the residue insoluble in water with HC1, they were 
present as salts insoluble in water. 

4186. On cooling the hot HC1 solution crystals often 
separate ; these usually consist of PbCl 2 , rarely of BaCl 2 : 
BaCl 2 will, however, dissolve easily on the addition of 
water. The crystals are filtered off and dissolved in a 
little boiling water ; Ba is easily found by trying the 
flame coloration given by the solution, and if on addition 
of K 2 Cr0 4 to the solution a bright yellow precipitate 
forms, the presence of Pb is proved. 

If Pb has been found and a residue is left after treat- 
ment with HC1, this residue, which may consist of PbClj, 
may often be dissolved by boiling it with water, the use 
of tlN0 3 being thus avoided. 

418c. HNO s seldom requires to be used in dissolving 
a substance, and it should be employed only in very 
small quantity, since in the course of analysis it decom- 
poses H2S with separation of S, unless "the solution is 
dilute and cold (423), and thus hinders the precipitation 
of Group II. 

If a complex solid mixture is given for analysis, and the only 
object is to obtain a solution as rapidly as possible, the sub- 
stance may be at once boiled with aqua regia for a few minutes, 
then diluted and filtered : the residue is examined as a sub- 
stance insoluble in water and acids (475 et seq.) : the filtrate is 
evaporated nearly to dryness, dilute HC1 is added, and the so- 
lution is examined by the General Table (419). 
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419. GENERAL TABLE FOR SEPARATION OF 

*ra?acrow ^ tne substance for analysis is a liquid with neutral or alkaline re- 
both pages, may be at once examined as directed below. 

In this table, and also in the Group Tables which follow, it has been 
absent, no precipitate will be produced when the reagent is added for 
then treated as a filtrate. 



Add to the greater part of the " original solution "* HC1 ; if any precipitate Is produced, 



The precipitate may con- 
tain— 

PbCV-wJUfe. 
AgCl— «>«t«. 
HgaCU— white. 

(See 422.) 



Examine the precipitate 
by Table I. (433). 



Note.— When the hot HCl 
solution is cooled, Potl* 
often separates in white 
crystals. The absence of 
Pb is not proYed, if it is 
not precipitated in this 
group, as PbCl* is somewhat 
soluble, and Pb may there- 
fore be found only in 
Group II. 



The filtrate or solution, which must gire no farther predpi- 
then diluted with water (426), unless it is already dilute ; 
serend minutes (426, 426a) and filtered : 



The precipitate may con- 
tain— 



HgS—Mae*. 
PbS— Hack. 
Bl&r-black 
CuS-eiaefc. 
OdS— yettow. 

SnS bvowH. 
SnSr- weUotc. 
81 




Insoluble 
in KHO 
and in 
AmjS. 



Soluble 
in KHO 
and in 
AmjS. 



Examine the precipitate a$ 
ones by Table II. (436). 



NoU 1. — Any precipitate 
formed on boiling the 
filtrate will hare to be 
added to the above. 



Note 2.— Unless the liquid 
has been sufficiently di- 
luted some of the above 
metals maybe afterwards 
precipitated by AmgS In 
Group III., and 
much confusion. 



The solution or filtnto Is di- 
cipitated: as soon as H^S 
dish until it ceases to smell 
and the residue gently ignited 
heated, then water is 



Add a few drops of the add 
tate shows the prmmet of a 



Add to the rest of the HCl nolo- 
any precipitate which may 
(429): if a phosphate to 
phates are absent, proceed as 

[Nbfc.— Befer to 
The precipitate may contain— 



AltHo«— ahmo* ooloritm. 
Cr,Ho«— fyaf grtm. 
FejHo« — rtddithbromm. 



Examine the precipitate by 
Table III. a (436). 



Notes on the General Table. 

420. If the liquid under examination is alkaline or neutral 
in reaction, before commencing the examination by the general 
table, HNO, must be added in slight excess ; if no precipitate 
forms, proceed at once to examine the liquid by the General 
Table; if a precipitate is produced, more HN0 3 is to be added, 



* By the " original solution " is meant the solution of the substance 
if a solid, or the substance itself if a liquid, to which no reagent has 
been added. 
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METALS INTO GROUPS BY GROUP REAGENTS. 

action, it requires special treatment (420) ; if its reaction is acid, it 

supposed that all metals are present : if a metal or croup of metals is 
its detection ; and hence no nitration is necessary, the solution being 



continue to add HC1 as long as it causes any further precipitate (421), warm and Alter : 



tate on addition of several drops of HC1, is boiled 'down, if necessary (423), and is 
it is then saturated with H,S by passing the gas through the solution* (534) for 

luted and HjS is passed again into it, to make sure that Oroup II. is completely pre- 
produces no further precipitate the clear solution or nitrate is boiled in a porcelain 
of HaS (427), a little strong HNO, is then added, and the liquid is evaporated to dryness 
in the dish. When the dish is cool, a little strong HC1 is poured upon the residue and 
any undissolved residue is filtered off (428). 

solution to some AmHMo0 4 solution in a test-tube, and warm gently ; a yellow precipi- 
phoepkaU; if no precipitate is formed with AmHMoO* phoephatu cure ab$ent. 

tion AmCl, heat it to boiling, then add AroHO in excess, boil again and filter off 
form as quickly as possible, keeping the funnel closely covered with a glass plate 

£ resent and a precipitate is produced by AmHO, refer to Table Ill.n (466) ; if phoa- 
i directed below : — 

463 el «eg. for full directions for precipitating Groups III.a and III.b.] 



Add to the filtrate or solution, which may be colored (430), Am^S in excess, boil and 
filter:— 



The precipitate may contain — 

Zn8— ««to. 
MnS-tyMpm*. 
CoS— black. 
NIB— black. 

Examine this precipitate at once 
by Table III.b (437). 



Add to the filtrate or solution, which must be .dis- 
tinctly yellow or brown (431), Am^CO* warm gently 
and filter : — 



The precipitate (432) may 
contain — 

BhCOt-wMU. 
SrCOi-white. 
GaCOs-^wAtfe. 

Examine the precipitate by 
Table IV. (438). 



The filtrate may contain 
Mg, K, Na. 



Examine by Table V. 
(439). 



and the liquid heated ; should a precipitate still remain, it is 
filtered off and the filtrate examined by the General Table, com- 
mencing with the addition of HC1. 

The precipitate caused and not dissolved by HN0 3 may be 
finely-aivided sulphur, separated as a white powder from a sul- 
phide, or yellow from a thiosulphate ;f this precipitate 
is recognized by its color, and by not being separa- 
ble by standing or filtration; it may be disregarded; 



* Instead of dilating and passing the gas, H,S solution may be added, 
t Formerly called a " hyposulphite." 
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there may also be precipitated HJ3i0 4 (gelatinous, almost 
colorless), SnO, or metastannic acid (see 420a), Sb,Os. AgCl (all 
three white), SnS,, As^S, (both yellow], Sb^ (orange). Hence 
a fall examination of this precipitate tor all that it may contain 
will involve boiling the precipitate with aqua regia, dilating 
and filtering; the insoluble residue is examined as a substance 
insoluble in water and acids (475) and the aqua regia solution 
is added to the filtrate from the precipitate caused by HN0 9 , 
any precipitate caused on thus mixing the solutions being ex- 
amined by Table I. (433). 

420a. Metastannic acid is precipitated from a solution of an 
alkaline metastannate by addition of an acid : it forms a white 
precipitate which becomes golden yellow when moistened with 
SnCl, solution ; it is further recognized by dissolving in the 
washing water whilst being washed, and being reprecipitated 
when the washings run into the acid filtrate. 

421. Even if HC1 has been used in dissolving the substance, 
it is advisable to add a few drops of the acid to make sure that 
no member of Group I. remains. 

422. It must be remembered that strong HC1 also precipi- 
tates a strong solution of a barium salt ; this precipitate, how- 
ever, disappears, as PbCl, does, on adding water and heating, 
thus differing from AgCl and Hg,Cl,. 

423. If UNO, or aqua regia has been used in dissolving the 
substance, or if the solution smells of CI or SO,, it should be 
boiled down considerably until, after adding HC1 and boiling, 
neither of the above gases is smelt ; it is then diluted, and H^S 
is passed at once whether the dilution has caused a precipitate 
or not. 

If As has been detected in the preliminary examination, 
H,S0 3 should be added until the liquid smells of SO, after hav- 
ing been boiled for a short time: the liquid is then heated for 
some time short of boiling until it no longer smells of SO,. 
This treatment reduces arsenic and stannic compounds to the 
arseniou* and stannous condition. 

In the case of As this reduction is to be recommended, since 
arsenic compounds are not easily precipitated by HJ3 ; it is also 
very desirable to reduce stannic compounds, since SnS,, unlike 
SnS, readily runs through the filter, and being yellow in color 
may be mistaken for S. It will, of course, be necessary to ascer- 
tain by special tests (187-190 and 201-203) made on the original 
tolution, in which state As and Sn were originally present. If 
any precipitate is produced by boiling with H^O, other than 
white sulphur, refer to 424. 

424. While boiling with HjSO s some HjSOj is usually formed, 
which may partially or completely precipitate Pb; Ba, Sr as 
white sulphates ; H,SO s will also possibly precipitate Au, which 
causes the cool liquid to appear blue by transmitted and red by 
reflected light, and on boiling separates as a black powder. 
Examine any precipitate formed by H^SO s by Table Q (434). 
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425. On addition of water, Bi, 8b, Sn may give white pre- 
cipitates of their oxychlorides ; these precipitates may be dis- 
regarded, since H^S readily converts them into sulphides. 
' 426. HjS often causes a fine white precipitate of S, owing to 
the presence of certain oxidizing substances, such as CI, HNO s , 
HC10 S , H 2 Cr0 4 , H 2 Mn0 4 , HMn0 4 , H,SO s , Fe,CL. This pre- 
cipitate is known by its perfect whiteness, and by not being 
separable by standing or filtration ; it may be neglected. Great 
care must, however, be taken not to mistake SnS 2 for S ; it re- 
sembles S in running through filter paper, but is distinctly 
yellow in color ; it may often be coagulated by being shaken or 
heated. 

426a. Certain changes may be observed whilst HjS is being 
passed; they should be carefully noted. Thus Pb and Hg dur- 
ing precipitation by H^S often show characteristic colors (149, 
144) ; a solution colored reddish yellow by H 2 Cr0 4 becomes 

freen ; and a solution colored green by H 2 Mn0 4 or purple by 
[Mn0 4 becomes colorless. 

427. If on boiling the filtrate or solution after passing HjS a 
yellow precipitate forms, this shows the presence of an arsenic or 
a stannic compound ; in this case pass HjS into the boiling liquid 
as long as it causes any further precipitate, or proceed as is 
directed in the latter part of 423 ; filter off and add this pre- 
cipitate to any precipitate already obtained by H,S to be ex- 
amined by Table II. 

428. SiO a and other substances may be present in this residue. 
Si0 2 is distinguished by readily dissolving in hot KHO solu- 
tion. 

Al 3 O s , Fe 2 O s , Cr 2 0. may remain undissolved by HC1, if they 
have been rendered difficultly soluble by the ignition to which 
the residue has been subjected; they may be dissolved by long 
continued heating with strong HC1 ; the solution is added to 
the other'solution, which is to be examined for Group III.A. 

BaS0 4 , SrS0 4 may also remain undissolved ; they are detected 
by heating some of the residue strongly for a short time in 
the inner blowpipe flame upon a loop of platinum wire, then 
moistening the loop with a drop of strong HC1 and holding it 
in the outer part of the Bunsen flame ; crimson red flashes, 
appearing red through the indigo prism, prove the presence of 
Sr, a yellowish green flame coloration shows Ba. These flame 
colorations should also be examined bv the spectroscope (42V 

The following is a less rapid method of detecting Ba and Sr : 
Dry the insoluble residue, fuse it on platinum foil with three 
or four times as much fusion mixture , allow it to cool, then 
boil with water until the mass is disintegrated, filter, wash the 
residue well upon the filter, and examine it by Table IV. (438) 
for Ba and Sr only. 

429. Mn and Zn are liable to be precipitated with Fe,H 6 O fl , 
Al 2 H„O s , Cr 2 H 6 6 . The precipitation of Mn is partly prevented 
by keeping the liquid from exposure to the air after adding 
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AmHO ; but the further precaution should be taken of dissolv- 
ing the precipitate produced by AmHO in HC1 and reprecipi- 
tating it by AmHO, then filtering and adding the filtrate to 
the original filtrate from the Group III. A precipitate; this 
treatment of the precipitate should be repeated several times, 
if small quantities of Zn or Mn have to be looked for in pre- 
sence of Al or Fe ; or, better still, Groups III.A and III.B may 
be precipitated together (459) and the precipitate examined 
by Tables III.c (464, 465). See rules given in 463. 

430. The filtrate or solution, after the addition of AmCl and 
AmHO, may be colored blue by Ni, brown by Co, or reddish 
violet by Cr-H.0 6 dissolved in the excess of AmHO. 

The Cr,H 6 6 must be removed before proceeding to ex- 
amine for the remaining groups ; it is readily separated as a 
pale green flocculent precipitate by boiling the liquid for a 
short time in a porcelain dish, adding a little more AmHO if 
the liquid does not smell of NH. after being boiled for a short 
time ; this precipitate is filtered off, and the filtrate is further 
examined for Groups III.B, IV., and V. by the General Table. 

The colorations due to Ni and Co differ from that caused by 
CrjH^Og in not being removed' by boiling the liquid. 

431. A brown or dark-colored filtrate shows that Ni is pres- 
ent/ some of the NiS precipitated by Am^S having been dis- 
solved in the excess of Am,S and Riving the filtrate its dark 
color. If this coloration is noticed, tne filtrate should be poured 
into a porcelain dish and boiled, occasionally adding water, if 
necessary, until, on removing the lamp for a short time, the 
black NiS settles, leaving a colorless liquid. The liquid is then 
run through a small filter and the black precipitate is tested 
for Ni by fusing a portion of the filter paper stained by the 
NiS in a colorless borax bead ; if a bead is obtained which 
when heated in the outer flame is violet or brown whilst hot and 
yellow when cold, and which becomes grey or opaque in the inner 
flame, Ni is certainly present and need not be further tested for 
in Table III.B. 

The colorless filtrate is examined by the General Table for 
Groups IV. and V. 

432. Part of the precipitate produced by Am ? CO s often 
adheres firmly to the inside of the vessel in which it has been 

Sroduced ; in this case rinse the tube out several times with 
istilled water and then dissolve the precipitate by pouring in 
some hot HA, causing it to_ run over the inside of the tube, and 
add this solution to the HA solution of the Am,CO, precipitate 
made in Table IV. 



♦If Groups III.A and III.B have been precipitated together by 
AmCl, AmHO and Am«3 added in succession (459), the brown colora- 
tion of the filtrate may also be due to Cr s II O 6 ; on boiling the filtrate 
colored by Cr t H«Oe in a porcelain dish for several minutes, vale green 
CrsHjO* is precipitated, which cannot be mistaken for black NiS. 
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The precipitate produced by HC1 may consist of PbCl 2 , 
AgCl, and Hg'aClj : the precipitate on the filter is washed 
five or six times with boiling water, the first portions of 
the washings being kept apart : — 



The first portions of the 
washings may contain 
PbCIf in solution, which 
if present in any quan- 
tity will be deposited 
in brilliant crystals on 
cooling. 

Test for or confirm the 
presence of Pb, by add- 
ing; to the washings 
KgCr0 4 : a yellow pre- 
cipitate, readily soluble 
in KHO, shows :— 

Presence of Pb. 



Residue : the residue is rinsed into a test-tube 
(33a, /) and boiled with AmHO, then fil- 
tered: — 



Filtrate: add HNO s 
until the liquid is 
acid : a white preci- 
pitate uniting into 
curdy particles 
when shaken or 
boiled shows :— 

Presence of Ag. 



Residue on the filter is 
black: dry at a gentle 
heat ; scrape the precipi- 
tate off the filter, mix 
with some dry NagOQ* 
and heat in a small 
ignition tube (147). 
Globules of Hg are seen 
on the sides of the tube, 
but often only when the 
inside of the tube is 
rubbed with a rod or 
examined with a lens: — 

Presence of Hg* 
(Mercurosum). 



434. Table G. — Examination of the Precipitate 
formed on boiling the HCl Solution with H,SO s . (See 
par. 424.) 

The precipitate produced by'HgSOa may contain An, PbSO*, BaSO* and BrS0 4 ; 
the last three substances are perfectly white, and Au, if present, is therefore usually 
seen by coloring the precipitate brown or black ; the Au is also usually visible during 
precipitation by H^SO* or after the white sulphates have subsided, since it colors the 
liquid blue by transmitted and reddish by reflected light. 

Ba and Sr can often be at once detected, if present, by taking a little of the moist 
precipitate on a loop of platinum wire, heating in the inner blowpipe flame for some 
time, moistening with HCl, and examining the flame coloration ; but a more trust- 
worthy method of proceeding is the following :— 

Rinse the precipitate into a small porcelain dish, using as little water as possible ; 
dissolve in the liquid a small crystal of HjT or add a few drops of strong H.X; then 
add AmHO until it is just in excess, and boil for a short time, let stand and decant 
through a filter : — 



Solution may con- 
tain PbS0 4 ; add 

HA in excess, 
then K a Gr0 4 ; a 
yellow precipi- 
tate soluble in 
KHO shows:— 

ofPb. 



22 



Residue : pour upon the residue in the dish a little HCl 
and a few drops of HNO% heat to boiling, let stand, 
decant into a porcelain dish : — 



Solution: boil until the 
smell of CI is removed ; 
add several drops of 
fresh FeS0 4 solution ; a 
blue coloration and red- 

. dish precipitate show : — 

of Am. 



Residue: dry by gently 
heating the dish, fuse 
with fusion mixture on 
platinum foil, and ex- 
amine the mass for Ba 
and Sr, as directed in 
the last part of 428. 
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435. TABLE II.— COPPER AND 

These lines The precipitate produced by HjS in the HC1 solution, after 
KSi^eV. and boiled with J£HO or a small quantity of Am^3,* and 



GROUP II.A— COPPER GROUP. 



436a. The residue may contain HgS, PbS, Bi^S* CuS, CdS. After having washed the pre- 
cipitate and allowed it to drain, remove it from the filter into a porcelain dish (33d), 
pour upon it strong HNOg sufficient to cover it completely, and heat gently as long as any 
red fumes come off, adding mora strong UNO* M" necessary, to prevent evaporation to dry- 
ness. Boil off nearly all the acid, add a little dilute HgSO^ let stand for some time, 
stirring occasionally, and filter : — 



Residue may contain HgS 
(black), PbS0 4 (white); but 
if white, the absence of Hg 
is not proved. 

Bemove the residue Into a 
porcelain dish, using as little 
water as possible ; add a little 

H|T, then AmHO in excess, 
boil and filter : — 



Residue : dry on 
the filter at a 
gentle heat, 
best in the 
steam oven. 
Scrape the dried 
residue off the 
filter (note 1), 
and heat it, 
mixed with dry 

small ignition- 
tube ; globules 
of Hg form on 
the sides of the 
tube, which 
become visible 
when rubbed or 
when looked for 
by a lens : — 
Presence of Hg" 
(Mercuricum). 



Filtrate: 

Add HA in 
excess, then 
K0C1O4, a 
yellow pre- 
cipitate : — 
Presence of 
Pb. 



Filtrate may contain Bi, Co, Gd. 

Add AmHO in excess, boil and filter :— 



Precipitate (not 
easily seen in 
dark blue solu- 
tions) : wash 
with hot water, 
dissolve off the 
filter by pouring 
upon it a fete 
drops of boiling 
dilute HCl, pour 
this solution 
into a large 

3uantity of cold 
istilled water ; 
a milkiness ap- 
pearing at once 
or after stirring 
and letting 

stand for some 
time, shows :— 
Presence of BL 



Filtrate, if blue, contains On: (note 
2) add HCl until the liquid is acid, 
then pass HgS to saturation, filter 
and wash quickly, keeping the 
filter covered with a glass plate ; 
rinse the precipitate into a test- 
tube, pour upon it some dilute 
H2SO4, boil and filter through a 
covered filter (note 3) : — 



Note. — A pre- 
cipitate produced 
by Am 110 must 
always be tested 
as above for Bi, 
since Pb and Hg 
might possibly ap 
pear here as white 
precipitates and be 
mistaken for Bi. 



Residue: dissolve 
by pouring a 
little boiling 
HNOgupon the 
filter, add to the 
solution AmHO 
j in excess, then 

nA in excess 
I and a few drops 

of K*FeCy 6 : » 
chocolate - red 
precipitate 
shows: — 
Presence of On, 



Filtrate: add 
much water 
and pass HjS 
for some .time, 
or add much 
H-8 water, a 
yellow precipi- 
tate shows : — 
Presence of Cd. 



Note.— It this 
precipitate is 

dark - colored, 
CuS is present 
(see *note 3) : 
filter it off, boil 
it once more with 
H,S0 4 ; filter and 
test the filtrate 
by HgS, as above, 
forCdV 



*If traces of Cu have to be tested fur, NajS should tie substituted for Am«S, since CuS is 

Note 1. — If the residue is too small to be removed, the portion of the 
paper containing it may be cut up and mixed with Na,C0 3 . For the 
precautions requisite in performing this test see 147. 

Note 2. — Another method of detecting Cd in the pretence of Cu con- 
sists in adding KCy solution to the blue ammoniacal liquid, and pass- 
ing H 2 S; Cd if present falls as yellow sulphide ; Cu may then be 
tested for in the filtrate, which has been boiled down considerably 
with excess of HN0 8 , by adding AmHO in excess, then HA in ex- 
cess, and K.FeCy,. 

Note 3. — Unless this precipitate is filtered without delay in a cov- 
ered funnel, washed quickly, and examined at once, CuS is liable to 
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ARSENIC GROUPS. 

having been washed with hot water, is removed from the filter 



filtered : — 



GROUP II.B. ARSENIC GROUP. 



The filtrate may contain AajS*, 81*8* SnSj, SnS, [AiijSs, PtSj]. Add to it HC1 until it 
is acid, and pass HgS unless the liquid smells strongly ; the above sulphides, if 
present, will be reprecipitated ; a mere milkiness due to precipitation of 8 may be 
disregarded. £ 

The precipitate is filtered off and examined as directed in 436ft (see note 4, 
below) : — 

4S5&- Remove the precipitate from the filter into a porcelain dish, using as little water 
as possible; add a little strong HC1 and heat, occasionally dropping in a crystal 
of KCIO3, until the precipitate dissolves entirely or leaves only a slight residue of 
sulphur. Heat this solution just short of boiling (note 5) until it ceases to smell of CI 
(note 6), then cool it and pour it, through a filter if necessary, into a small flask (181) 
containing pieces of pure Zn : if the gas does not come off readily, add a little strong 
HC1, and cause the gas, after passing through some PbAg solution (see caution 181), to 
bubble through some AgNOg solution contained in a broad test-tube. As soon as 
the evolution of gas slackens, drop in more Zn, unless some remains undissolved in 
the flask, and as soon as the gas ceases to come off, some Zn still remaining undis- 
solved, remove the test-tube containing the AgNOg solution ; if any black precipi- 
tate has formed in this solution it must be examined as below ; if the liquid has 
remained clear and colorless it may be rejected, since As and Sb are absent. 



Residue in the flask may consist 
of Sn, (Pt,Au), and excess of 
Zn ; remove any deposit of 
Sn by shaking the pieces of 
Zn well with the liquid and 

3uickly pouring off into a 
ish, decant the liquid and 
wash the Sn by decantation 
in the dish : boil the residue 
with a little strong HC1 in a 
test-tube, then quickly dilute, 
and decant ; [the residue may 
contain Au, Pt (see 474)]: 
add HgCl 8 to the solution ; a 
white precipitate, becoming 
black with Am HO, shows:— 
Presence of Sn. 

If HjS has not proved in the 
general table (427) whether 
8n" or Sn"" is present, refer 
to 201-203. 



To the liquid in the test-tube add several drops of 
AgNOg solution, filter : — 



Precipitate : wash well with 
boiling water until HC1 
gives no milkiness with 
the last few drops of the 
washing water, then pour 
upon the filter a. little 
boiling dilute H 2 T solu- 
tion, boil it and pour it 
again through the filter ; 
repeat this several times, 
then add to the solution 
HC1 and pass HsS ; an 
orange-red precipitate 
shows : — 

Pretence of 8b s 

Note. — This precipitate is 
often only seen on settling 
from the yellow liquid. 



Filtrate : dilute several 
drops of AmHO largely 
in a test-tube and add 
this liquid, drop by 
drop, to the filtrate : a 
light yellow precipi- 
tate, which settles in 
flocks on shaking the 
liquid, shows : — 

Presence of As. 

If HjS hae not proved in 
the General Table (427) 
or As"''' 



whether As"' 
is present, 
187-190. 



refer to 



somewhat soluble in Ani.jS ; but Sn"S and Aiiof^ are much more readily soluble in AmgS. 



be oxidized and to pass into the filtrate as CuS0 4 ; it then discolors 
the CdS precipitate, or may be entirely overlooked if present in small 
quantity. It is well to pour a few drops of II 2 S water into the funnel 
with each fresh addition of washing water. 

Note 4. — The detection of As, Sb, Sn by the method given in 4356 
is very trustworthy and delicate (208); it is excelled in these re- 
spects by the method in 210. For beginners, however, the process 
209 is recommended by its greater simplicity. 

Note 5. — The solution must not be heated to boiling, else SbCl 5 or 
SnCl 4 , if present, might be volatilized. 
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Note 6. — In this solution As and Sn will be present as stann- 
icum and siaenicum. and in this state they are not well suited 
for detection : the following modification makes their detection 
much more rapid and certain, especially when they are present 
only in small quantity. After warming until the liquid ceases 
to smell of CI, add HjSOj, drop by drop, until the liquid after 
being warmed for a short time smells of SO, ; then heat it short 
of boiling until the smell of SO, is removed, and pour, through 
a filter if necessary, into the hydrogen apparatus. Great care 
must be taken to remove the SO, entirely, else Sb and As may 
remain as sulphides in the hydrogen apparatus. 



436. TABLE III.a.— IRON GROUP. 

The precipitate produced by boiling, after addition of 
AmCl and of AmHO in excess, may contain Al a Ho 6 , 
Cr 2 HO e , Fe 2 Ho 6 : the color of the precipitate will usually 
show whether it contains any quantity of Fe2Ho 6 (red- 
dish brown), or Cr 2 Ho 6 (pale green), since Al a Ho 6 is col- 
orless. 

Dissolve the precipitate in a little boiling dilute HC1 
(33d, e,f) } add to the solution pure KHO or NaHO 
until the precipitate remains after stirring, then add 
KHO or NaHO in considerable excess, boil for some 
time and filter : 



1. Filtrate may contain 
Al 3 Ho« dissolved In 
excess of Nallo ; if it 
is green Cr 2 Hoaisalso 
in solution and must 
be precipitated by fur- 
ther boil i n g i n a porce- 
lain dish and then re- 
moved by filtration. 

Add AmCl solution in 
excess to the color- 
less nitrate : a color- 
less gelatinous pre- 
cipitate shows :— 

Pretence of Al. 

Note. — Sodium and 
potassium hydrates are 
very liable to contain 
Al s Hog : the analyst 
must asrertain that 
the Al does not come 
from this source. 



2. Precipitate may contain OoHo« and Fe^ffo*. 

Dry upon the filter, carefully avoiding charring the 

Etper ; when sufficiently dried the substance will 
ave shrunk considerably into emalL hard, dark- 
colored pieces ; detach these from the filter and 
fuse them with a little solid Na/V, and KNO, 
upon a piece of platinum foil, either supported 
upon a pipe-clay triangle or held in the Bunsen 
flame by crucible tongs. Continue the fusion 
by heating the under surface of the foil in the 
blowpipe flame as long as any frothing occurs, 
then allow to cool ; a yellow mass indicates the 

J presence of Or (note 1). Boil the platinum foil 
n a email porcelain dish with water until the sub- 
stance in entirely dissolved or only a dark brown 
powder (FejOjj) remains undissolved ; take out the 
foil, allow the powder to settle, and decant the 
liquid through a filter. 



3. FUtraU will be yellow if 
Cr is present (note la). 
Add II A in excess shown 
by the color becoming 
reddish, boil for several 

minutes, then add PbA s 
solution ; a yellow pre- 
cipitate shows : — 

Pretence of Or (note 2). 



4. Rr*idu* in porcelain 
dish ; dissolve by pour- 
ing in a little HC1 
and boiling, add some 
water, then a few drops 
of KCyS solution; a 
blood-red coloration 
shows : — 

Presence of Fe (note 3). 
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Note 1. — If Mn was present in the original substance, it is 
often precipitated more or less completely with the Fe, and 
will be detected by imparting to the fused mass a bluish 
green color ; this should be noted, as the Mn may possibly be 
entirely precipitated in this group, and will then not be de- 
tected in the next group. 

Note la. — The green color, due to the presence of Mn, con- 
ceals the pale yellow color due to Or ; but on dissolving the 
cool mass in water, and boiling with HA, the manganese color- 
ation is destroyed; and, on filtering from any dark-colored 
precipitate, the yellow color due to Cr becomes evident. 

Note 2. — Cr may have been present as a chromic salt, Cr re- 
placing hydrogen in an acid ; or as a chromate, Cr being united 
with oxygen to form an acid radicle. Ascertain in which state 
it was present by boiling some of the original substance with 
Na,OO s solution and filtering; a yellow filtrate, which on 
being acidified with HA gives a yellow precipitate with PbA 2 , 
shows that Cr was present as a chromate ; Cr previously com- 
bined with an acia as a chromic salt remains undissolved as 
green Cr^O-, and does not color the filtrate; it is found by 
2 in the preceding table. 

Note 3. — Fe is always detected here as a ferric salt, since, 
even if originally present as a ferrous compound, it will have 
been oxidized by boiling the solution with HNO, before pre- 
cipitating Group III. A in the General Table. To ascertain in 
which condition Fe was present, boil some of the original sub- 
stance with HCI, filter if necessary, and divide the solution in- 
to two parts : to one portion add KjFejCyu, a dark blue pre- 
cipitate shows the presence of Fe" (Ferrosum) ; to another 
portion add KCyS, a blood-red color shows presence of Fe /// 
(Ferricum). 

437. TABLE III.b.— ZINC GROUP. 

The precipitate produced by AnijS in the solution, or 
in the filtrate from Group III.A, may contain ZnS, 
MnS, NiS, CoS. The color of the precipitate will usu- 
ally show whether it contains any quantity of NiS or 
CoS, which are black, or consists only of MnS 
(pink) or ZnS(white). 

The presence of Ni will have been indicated by the filtrate 
obtained after boiling with AmHO in the General Table being 
blue in color, and by a dark brown filtrate having been obtained 
after boiling with Am 2 S. If the black precipitate, obtained by 
boiling the dark brown filtrate from Am.8 (431), has also been 
proved by the borax bead to be NiS, the further tests for Ni 
in the following table may be omitted. 

22* 
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Remove the precipitate from the filter with cold dilute 
HC1 in the way described in par. 33c / take out the paper 
and allow the liquid to stand, occasionally stirring it well. 
The precipitate will either dissolve, leaving only white sul- 
phur, in which case the milky liquid may be at once ex- 
amined by 2 (p. 247), or a black residue will be left which 
must be filtered off and examined by 1 (below), the filtrate being 
examined by 2 (p. 247) : 



1. The residue is black, and may contain NiS, CoS. 
Examination by the borax bead. 

Fuse a small quantity in a clear borax bead in the extreme tip of the outer blowpipe 
flame, note its color ; then fuse the bead for some time in the inner blowpipe 
flame, and again observe its color. Any one of the following; observations may be 
made: — 



Blue bead in both flames 
shows: — 
Presence of Co. 

Co need not be further 
tested for, but if any 
doubt exists as to the 
presence of Ni, the 
rest of the residue 
must be examined as 
below. 



Brown or yellow bead\ 
when cold after fusing 
it in the outer flame, 
which becomes grey or 
opaque in the inner 
flame, shows Pretence 
of M, Absence of Co. 

Unless mere traces of Co 
have to be tested for, 
no further examina- 
tion need be made. 



A bead which is neither brown 
nor 6Iuc, but of some inter- 
mediate hue, on cooling 
from the outer flame, indi- 
cates the probable presence 
of both Co and Ni. 

Examine the remainder of the 
black residue as directed 
below for Ni and Co, or for 
Co alone if Ni has been al- 
ready detected by 431. 



Further examination of the residue. — Rinse the residue from the filter into a porcelain 
dish, using as little water as possible : pour in a little strong HC1 and boil for 
some time, adding occasionally a small crystal of KClOj, until the black residue is 
eutirely dissolved or only a small quantity of dark sulphur remains ; then boil 
down nearly to dryness, a blue liquid shows presence of Ou ; dilute with a little 
water, filter, if necessary, into a boiling-tube and pour in KCy solution slowly until 
the precipitate formed at first is Just rodissolved, boil briskly for several minutes, 
and add much strong NajC^O, or make decidedly alkaline with NaHO and add 
much Br-wator ; beat nearly to boiling, and allow the liquid to stand at least ten 
minutes, filter : — * 



Precipitate (black) : wash, 
and confirm the presence of 
Ni by fusing some of the 
precipitate, or the paper 
stained with the precipitate, 
in a borax bead in the outer 
and inner blowpipe flames : 
a bead yellow when cold, be- 
coming black in the inner 
flame, shows : — 

Presence of Si. 



Filtrate must be warmed with more NajClgO or Br- 
water, and filtered from any additional precipitate 
which may form, then evaporated to dryness and 
strong HNOa poured upon the residue as long as 
any frothing is caused ; this is then evaporated just 
to dryness, the residue dissolved in water, excess of 
KHO added to it, and any precipitate filtered off 
and fused into a borax bead, taking the paper 
stained by the precipitate if the precipitate is not 
easily removed : a blue liead shows : — 
Presence of Co. 



♦If this precipitate adheres to the sides of the boiling-tube, it is dis- 
solved, after the liquid has been emptied out, by pouring in a little 
boiling HC1 ; from this solution the Ni is precipitated by addition of 
KHO, and the precipitate filtered off and tested oy the borax bead for 
Ni. 
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2. The eohttiou or filtrate may contain Zn, Mn. 
Boil in a porcelain dish until it ceases to smell of H 9 S, then drop in a small crystal 
of KClOa, and boil for several minutes. After cooling the liquid add pure NaHO 
until after stirring the liquid it turns red litmus paper blue, then add more NaHO, 
stir well and filter : 



Precipitate ie white at ftret, 
but rapidly darken* in the 
air. Fuse a portion of it 
with solid Na,OO a and 
KNOg on platinum foil ; a 
bluish green mass is ob- 
tained on cooling, showing: 
Pretence of Mn. 

Note.— Mn may have been 
origiually present, either re- 
placing H in an acid, or com- 
bined with as an acid 
radicle. Its presence in an 
acid radicle is indicated by 
the color of the original solu- 
tion, since in the form of 
manganate it is green, and as 
permanganate it is purple; 
these colors disappear on 
boiling the HC1 solution for 
some time, or on passing HgS. 



Filtrate: pass HjS, a white precipitate forms, often 

somewhat discolored, showing: 

Pretence of Zn. 

m 

Note.—Yrom a dilute solution of ZnHo. in NaHO 
the ZnHo. is precipitated on boiling; hence after 
adding NaHO, as directed above, the liquid must not 
be boiled, else Zn might be precipitated with the 
MnHog and escape detection. 

But by diluting and boiling the abovo filtrate it is 
usually possible to cause any ZnHoj it holds in solu- 
tion to precipitate, especially if the alkalinity of the 
liquid be somewhat reduced by cautious addition of 
HC1 in quantity insufficient to make the liquid acid. 
If this precipitate be separated by pouring the liquid 
through a double filter and then be dissolved off the 
filter and .the sides of the boiling tube by a little 
boiling HA, ZnS may be precipitated perfect!? white 
from this solution by HjS. 



438. TABLE IV.— BARIUM GROUP. 

The precipitate produced by Am 2 CO s may con- 
tain BaCO s , SrCO s Ca0O 3 : it is to be well washed with 
boiling water. Before dissolving the precipitate off the 
filter much may usually be learnt by an examination of 
the flame coloration yielded by the HOI solution (see 1, 
below). The results thus obtained are afterwards con- 
firmed in the wet way (see 2, below). 

1. Examination by flame coloration. — Take a small 
quantity of the precipitate off the filter upon the end of 
a glass rod, and dissolve it by moving the end of the rod 
about in several drops of HC1 on a watch glass ; dip into 
this solution a loop of platinum wire which imparts no 
color to the flame, then hold thfe loop for some time in 
the Bunsen flame, repeating the process if the coloration 
is not satisfactorily observed at first. Ca will impart to 
the flame a yellowish red color, Sr a crimson red, Ba a 
yellowish green. The red colorations yielded by Ca and 
Sr are distinguished by viewing the flame through the 
indigo prism ; the Ca coloration then appears dingy 
preen, whilst the Sr coloration still appears crimson; 
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ro^SST Ba is usually found by its coloration remaining after the others 
both pages, their colorations are apt to interfere with one another : but if at 
certainly present; if a green coloration is visible without using 
should oe examined by the spectroscope (42). 

2. Examination in the wet way. — The rest of the precipitate is 
again boiling the liquid and pouring it once more through the 
the solution is acid, and if it is not, add HA whilst stirring until 
solution into a test-tube, and put by the larger portion (B). To 
part of the tube in cold water or holding it in a stream from the 
cipitate forms, refer to Column I. (below) : if no immediate pre- 
then forms, refer to Column II. ; if no precipitate forms even 



These lines 
run across 
both pages. 



I. An immediate precipitate it produced by CaSO A in the cold, thawing 

Pretence of Ba. 

Portion B must then be tested for Sr and Ca, which may also be pre- 
sent: examine it as directed below:— 

Add K t Cr0 4 solution until the color of the liquid is reddish yellow; 
heat, and filter through a double filter paper, pouring the filtrate 
through the same filter repeatedly, if necessary, until the liquid is quite 
clear; then add to the liquid, which must be orange red in color, 
AmHO until the color changes to pale yeUow, then add Am^CO, 
solution : — 



No precipitate forme, 
showing: — 

Absence o/Sr and 
Ca. 



A precipitate forme, showing Sr, Ca, or both of 
them, to be present. Add to the liquid Am/X), 
in excess, filter, reject the filtrate and dissolye 
the precipitate off the filter in as little boiling 
HA as possible; pour off a small part (A'} of 
this solution, reserving the larger portion (B'). 
To A / add CaS0 4 solution and boil:— 



No precipitate forme ; — 

Absence of Sr. 
Examine portion B* for 

Ca, as directed at C, 

in Column III. 



A precipitate forme: 
Pretence of Sr. 
Examine portion B / 
for Ca, as directed at 
(7, Column II. 



439. TABLE V.— 
The filtrate remaining after addition to the original solution 
K, Na, and NH 4 . Since, however, NH 4 salts have been added 
NH 4 must be detected by boiling a portion of the original sub- 
gas is evolved, which would be recognized by its smell or its 
unnecessary to tebthere for NH 4 , since it will have been already 
examine for GrouysV., as directed below. 
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have disappeared. When all three metals are present together 
any time a red color is visible through the indigo prism, Sr is 
the prism, the presence of Ba is proved. The name coloration 

dissolved off the filter by pouring upon it a little boiling HA, 
filter if the precipitate is not entirely dissolved. Test whether 
the liquid is acid, then pour off a small portion (A) of the acid 
the portion A y after it has been cooled by immersing the lower 
tap, add several drops of CaSO* solution ; if an immediate pre- 
cipitate forms, heat the liquid to boiling, and if a precipitate 
after several minutes, refer to Column III. 



II. A precipitate is not formed at once on 
the addition of CaSO v but appears on 
boiling the liquid, showing : — 

Absence of Ba and Presence of Sr. 

C. Portion B is then examined for Ca, 
as directed below : — 

Add dilute HjS0 4 in excess, boil and filter, 
reject the precipitate ; add to the filtrate 
several drops more HjS0 4 and boil; if 
this causes any precipitate, boil and filter, 
and again test the filtrate by addition of 
H T SO i and boiling: repeat this process, 
if necessary. To the clear filtrate, which 
gives no further precipitate on addition 
of HJ30 4 and boiling, add gradually 
Am HO until, after mixing the liquid by 
thorough stirring or shaking, it turns red 
litmus paper blue, then add Am a C 2 4 
solution and warm gently ; a white pre- 
cipitate, often appearing only after a 
time, Bhows: — 

Presence of Ca. 

(See note, Column III.) 



III. No precipitate is pro- 
duced by CaSO v even on 
boiling, showing; — 

Absence of Ba and Sr, and 
Presence of Ca. 

C. Confirm the presence of 
Ca by making portion B 
alkaline with AmHO 
(34), then add Am t C 2 4 
solution; a white precipi- 
tate forms, showing: — 

Presence of Ca. 



Note. — If mere traces of Ca 
have to be tested for, the 
filter paper used in the anal- 
ysis must first be freed 
from any traces of Ca it may 
contain by wetting it with 
dilute HC1, and then thor- 
oughly washing it with 
distilled water, as described 
in the last par. of 29. 



POTASSIUM GROUP. 

of all the group reagents in succession may still contain Mg, 
as group reagents, it is useless to test for NH 4 iii this filtrate : 
stance with KHO solution, and ascertaining whether any NH 3 
action on moistened red litmus paper. It is, however, usually 
tested for in the preliminary examination (390). Proceed to 
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Evaporate the filtrate from Group IV. to dryness in a 
porcelain dish, scrape out the solid residue and heat it to 
redness upon a piece of platinum foil in the Bunsen 
flame as long as any white fumes are seen to be given off 
on removing the foil for an instant from the flame (note 
1), All NH 4 compounds are thus entirely removed. If 
any residue remains (note 2), it is to be dissolved by boil* 
ing the foil in a test-tube with a small quantity of water, 
to which several drops of dilute HC1 have been added. 
Divide this solution into two parts : — 



Examination for Mg. 

Before testing for Mg in 
one portion of this solu- 
tion it is necessary to 
remore from it any traces 
of Ba, Sr or Ca which 
it may possibly contain,* 
and which might else be 
mistaken for Mg. 

Add, therefore, several 
drops of H4SO4 to the 
liquid, boil for a short 
time and let stand ; then, 
whether a precipitate 
has formed or not, add 
a little AmCl, then 
AmHO in excess, then 
several drops of AmgCgOj, 
and warm gently ; if any 
precipitate has formed, 
proceed to filter at once 
as quickly as possible. 
To the liquid, in which 
the addition of HsSO* 
AmCl, AmHO in excess 
and Am s C 9 4 causes no 
further precipitate, add 
NayHPO*, and if no pre- 
cipitate forms at once, 
warm gently, shake or 
stir the liquid violently 
and let it stand for some 
time: a white crystal- 
line precipitate shows : — 
Pretence of Mg. 



Examination for K and Na. 

In the other portion proceed to test for K and Na 
as directed below. The presence of Mg in no 
way interferes with the detection of K and Na»- 
and hence if Mg has been detected, its removal 
is unnecessary. 

Flame coloration. — Dip into the solution a loop 
of platinum wire which has been proved not 
to impart any color to the flame. Hold the 
loop in the Bunsen flame; one of the follow- 
ing results will be observed : — 



A bright yellow flame color- 
ation, indicating the presence 
0/ Na (note 3). 

Examine tnis coloration 
through the indigo prism ; 
if it appears red, pretence 
of K is proved: if no red 
color is visible, K is probably 
absent or present only in 
very minute quantity. 



A pale 
coloration, ap- 
pearing crimson 
red through the 
indigo 
shows: — 



andabeence 



°ofk*. 



It is usual to confirm the results of the examina- 
tion of the flame coloration by pouring the 
remainder of the solution upon a watch glass, 
adding to it several drops of PtCl» (note 4) 
and stirring well for some time; the formation 
of a yellow precipitate shows : — 
Pretence of K. 

8ee 47, and Note 6, page 251. 



Note 1. — If the residue is small in amount, it may be ignited 
in the dish ; but this is not to be generally recommended, as 
the porcelain dish is liable to be cracked by the heat ? and is also 
difficult to get entirely rid of the NH 4 salts by heating only in 
porcelain. 

Note 2. — It is not safe to place much reliance upon an ex- 
amination of the foil for the detection of a small quantity of 



* Traces of Ba, Sr, Ca may remain anprecipitated by AjOBfGOi. 
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residue, but it may usually be detected by its producing a 
crackling noise whilst the foil is cooling immediately after its 
removal from the flame. Should there be any doubt, the foil 
must be boiled with water and a drop of HC1, and the solution 
examined for Mg, K and Na, as directed above. 

Note 3. — The examination of this flame coloration by means 
of the spectroscope will naturally suggest itself. 

A yellow coloration, more or less intense, will almost always 
be obtained here, since most substances and reagents contain 
small quantities of Na; hence the student must note the in- 
tensity of the coloration, and judge from it whether the quantity 
of Na is small or large; he must then enter accordingly, either 
" presence of Na" or "presence of trace of Na." 

Note 4. — If iodine is present, PtCl 4 will produce an intense 
red coloration ; hence, if iodine is suspected to be present, be- 
fore adding PtCl 4 the above solution should be evaporated to 
dryness with a little strong HNO„ the residue dissolved in a 
few drops of dilute HC1 and tested with PtCLfor K. This is, 
of course, unnecessary if, before precipitating Group III. in the 

feneral table, the solution has been evaporated to dryness with 
[NO,. In case of uncertainty, add PtCL to a drop only of the 
above solution ; and if iodine is found to be present, proceed as 
is directed above. 

Note 5. — Mere traces of K and Na may be detected by adding 
PtCl 4 , and evaporating the liquid to dryness in a porcelain dish 
upon a water-bath; absolute alcohol is then poured into the 
dish and stirred ; any yellow residue shows presence of K, the 
solution giving the pure Na coloration if Na is present. On 
filtering off the yellow residue and washing it with absolute 
aleohol, it will yield the pure K flame coloration. 
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TABLE OF SOLUBILITY. 

A blank signifies that the solubility is unknown or unimportant. 



Oxide . . . 


K. 


No. 


Am. 


Mg. 


Ba. 


Sr. 


Oa. 


/V'. 


Fs"'. 


AL 


Or. 


Zn. 


Mn. 


M. 


a. 








a. a. 


Sulphide . . 


w. 


w. 


w. 


w-a. 


w. 


w. 


w-a. 


a». 


a. 


— ' — 


a. 


a. h mm . 


a«. 


Chloride . . 


w. 


w. 


w. 


w. 


w. 


w. 


w. 


w. 


w. 


w. 1 a.i. 


w. 


»* • *w • 


w. ' 


Iodide . . . 


w. 


w. 


w. 


w. 


w. 


w. 


w. 


w. 


w. 


— , — w. 


w -i ~ 


^~" 1 


Sulphate . . 


w. 


w. 


w. 


w. 


L 


i. 


w-a»-L 


w. 


w. 


w. !w.aJ w. 


w. ' w. 


w. 


Nitrate . . . 


w. 


w. 


w. 


w. 


w. 


w. 


w. 


w. 


w. 


w. » . w. 


w. w. 


w. 


Phosphate 


w. 


w. 


w. 


a. 


a. 


a. 


a. 


a. 


a. 


a. ' a. , a. 


a. . a. 


a. 


Carbonate . 


w. 
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a. 


a. 


a. 


a. 


— 


— — a. 


a. a. 


a. 
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w. 
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a. 


a. 


a. 
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a. 


a. 


a. 
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a. 


a. 
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a. 


a. 
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a. 


a. 
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a. 


a. 


a. 


a. 


a. 
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a. 
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a. 


— 


w. 
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i. 


a. 
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Fluoride . . 


w. 


w. 


w. 


a. 


a-i. 


i. 


a-i. 


— 


— 


— 


— 1 — 


— 


— 


— 


Oxalate . . . 


w. 


w. 


w. 


a. 


a. 


a. 


a. 


a. 


a. 


a. 


w-a.' a. 
1 


w-a. 


a. 


a. 







Hg". 


Pb. 


Bi. 


CW. 


Cd. 


Sb. 


&•". 


*•"". 


A/". 


Ag. j Ug*. 


Oxide . . . 
Sulphide . , 
Chloride . . 
Iodide . . , 
Sulphate . 
Nitrate . . 
Phosphate 
Carbonate 
Borate . . 
Araenite . 
Arsenate . 
Chromate . 
FluorMe . 
Oxalate . . 




a. 

a"*. 

w. 

a. < 
w.b. 
w.b. 

a. 
a. 

a. 

a. 

w-a. 

w. 


a». 
a>. 

w.i. 
> w.a*. 

a.i. 

w. 

a». 

a». 

a>. 

a>. 
' a». 
a».i. 

a. 


a. 
a*. 

w.b. 

w.b. 
w.b. 

a. 
a. 
a. 

a. 


a. 
a". 

w. 
w. 

a. 
a. 
a. 
a. 
a. 
w. 


a. 

a. 

w. 

w. 
w. 
a. 
a. 
w.a. 


a». 

a. 

a. 
a. 
a. 


a. 
a*. 

w. 

w. 

a. 
a. 


a.i. 

a". 

w. 
w.b. 

w. 


w.a". 
a«. 


a". 
a«. 

i. 
i. 

w.a». 
w. 
a». 
a». 

a*. 

a». 
a", 
w. 

a. 


a*. 
a». 

a.i. 
a«. 
w.b.a». 
w.b. 
a«. 
a». 
w. 
a». 
a«. 
a>. 

a. 

< 



w. 
a. 

a m . 

a n . 

a mo . 

• 

i. 
w.a. 



w-a. 



w.b. 



The solubility of a compound is denoted by letters : 

Signifies soluble in water. 

Soluble in acids; the term standing for HC1, HNO s and 

aqua regia. 
Soluble in muriatic or hydrochloric acid. 
Soluble in nitric acid. 
Soluble in a mixture of muriatic and nitric acids, or aqua 

regia, but not in either acid separately. 
Insoluble in water and acids. 
Letters thus placed together with a stop between them 

signify that in different states the substance shows the 

different solubilities denoted by the letters. 
Letters connected by a hyphen indicate that the substance 

is only slightly soluble in the first solvent, and may 

therefore partially fall under the class denoted by the 

second letter. 
Decomposed more or less by much water with formation 

of a basic salt which is insoluble in water, but soluble 

in acid. 
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EXAMINATION FOR ACID RADICLES. 



Introductory Remarks. 

440. In conducting tbe examination for acid radicles 
much time and trouble may usually be saved by con- 
sidering which of these radicles can possibly l>e present. 
The preceding examination will usually have limited this 
number considerably (441), but it may be further re- 
duced by the knowledge already obtained of the metals 
present, and of the solubility of the substance under 
analysis. 

A reference to the Table of Solubility on the preceding 
page will show how this knowledge may be applied. 

Only the most commonly occurring compounds are 
contained in this table ; the solubility of other substances 
may be obtained by reference to Storer's " Dictionary of 
Solubilities." 

The table is thus arranged : in a horizontal line at the 
head are placed the more commonly occurring metals, 
which yield salts or basic oxides ; in the vertical column 
on the left is a list of that portion of the names of the 
compounds thus formed, which corresponds to the acid 
radicle. 

To find the solubility of any compound of one of the 
metals placed at the top of the table, glance down the 
vertical column which is headed by this element, the 
letter indicating the solubility of the compound will be 
found in a horizontal line with the acid radicle portion of 
the name. Thus to find the solubility of zinc sulphate, 
it is only necessary to glance down the vertical column 
with Zn at its head : on a horizontal line with sulphate 
stands the letter w, showing that zinc sulphate is soluble 
in water. 

The way in which this table is used after ascertaining 
23 
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the solubility of a substance under analysis, and detecting 
the metals present in it, may be explained by an example. 
In a substance which was entirely soluble in water, the 
metals found were K, Ba, Ag. A glance down the 
columns headed by these three metals shows at once 
which acid radicles may be present : all acid radicles 
might be present combined with K, since all its salts are 
soluble in water, but the presence of Ba in a substance 
soluble in water shows that S0 4 P0 4 , CO s , BO s , AsO^ 
Cr0 4 and F cannot be present, since these acid radicles 
form compounds with Ba which are insoluble in water : 
Ag excludes in addition S, CI, Br and I ; hence, amongst 
the more commonly occurring acid radicles only NO s 
need be tested for. 

This example shows how much the examination for 
acid radicles may often be simplified, when the metals 
present in a substance and its solubility are known. 

441. Several acid radicles will probably have been 
satisfactorily tested for in the preliminary examination : 
in case their reactions have been interfered with by the 
presence of other substances, the analyst should refer to 
the reactions given in the fourth section and select one 
which will be decisive. 

The examination for metals also frequently yields proof 
of the presence of certain acid radicles. Thus on passing 
HjS into the HC1 solution : — 

A reddish yellow solution, be- 
coming green and depositing 

white sulphur, shows Presence of (O0«)" 

A green solution, becoming 

colorless, shows Presence of(MnOtf n 

A purple solution " " " Presence of (MnOJ)' 
A yellow precipitate of As$s, 

appearing only when the 

liquid is boiled, shows Presence ofiAsOtf' 

An insoluble residue of SiO,, 

after evaporating to dryness 

the filtrate from the H/J 

group, shows Presence of (SiOJ)" 
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And a yellow precipitate ob- 
tained with AmHMo0 4 be- 
fore precipitating Group 
III., shows Presence of (P0 4 )'" 

The presence of any of these acid radicles thus detected 
will require no further confirmation. 

Of the acid radicles which remain to be tested for, 
some can be detected by the plan drawn out in 442- 
445 ; others are most easily found by special tests made 
on the original substance (446-454). 
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GENERAL EXAMINATION FOR ACID RADICLES. 



442. Before employing the liquid tests it is advisable 
'to separate from the substance any metals other than K, 
Na, and NH 4 which it may contain, since some of these 
are liable to be precipitated by the reagents added for 
the detection of the acid radicles. If alkali metals alone 
are present, this separation is unnecessary, since they are 
not precipitated by any of the reagents. 

This separation of the metals may usually be effected 
by boiling a portion of the finely-powdered substance 
with NaaCOs solution, which must be further added to 
the clear solution as long as it causes any precipitate. 
Filter from the precipitated carbonates, and divide the 
clear filtrate into five equal portions. Reserve one of 
these portions in case of accident and a second for the 
tests for organic acid radicles, and acidify the others 
whilst they are hot by addition of HC1, HNO a and HA 
respectively : examine them as is directed below, using a 
separate part for each test. 

Some metals cannot be completely precipitated as car- 
bonates by boiling with Na 2 C0 3 solution : the presence 
of these metals in solution is, however, frequently of no 
consequence. If they must l>e precipitated, addition of 
AmjS, or passage of HjS, will usually separate them as 
insoluble sulphides, but the subsequent separation of the 
excess of An^ or HjS by gently warming the solution 
is troublesome. 

Since the analyst knows at this stage of the analysis 
what metals are present, it should not be difficult to 
separate them or to allow for their presence while trying 
the tests for acid radicles. 

The clear, acidified portions of the filtrate obtained 
after boiling with sodium carbonate solution are tested 
by 443, and the further special tests (446-454) are then 
tried if necessary. 
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443 


I. Portion acidified with HCl. 


Preeent, 


On addition of Bad* solution a white precipitate in- ) 
soluble on boiling (444, 1) J 

On addition of BaClg solution, a semi-transparent) 
precipitate insoluble on boiling (444, 2) . . . J 

On addition of AmCl and Am^OO* • semi-trans-') 

On addition of FeS0 4 solution, a dark blue precipitate 

On addition of Fe«Cl« solution, a dark blue precipi- ) 
tate : FeS0 4 yielding a light blue precipitate . . J 

On addition of FegCl« solution, a red coloration) 
destroyed by pouring into HgCl* solution . . J 


(SO4)" 

(8iF«)" 

(SiO,)" 
(Fe 1 Cy 11 )'» 

(FeCy«)* 

• 

(OyS)' 




i 


II. Portion acidified with HNO& Refer to 444, 3.1 


PreemU. 


On addition of AgNO* a pure while precipitate) 
easily soluble in AmHO (444, 1) ./ 

On addition of AgNO* a light yellow precipitate,) 
with difficulty soluble in AmHO . . j 

On addition of AgNO* a yeflow precipitate, almost) 
Refer to 446, 1. 


a' 

Br' 
P 






IH. Portion acidified with H A. 


Present, 


On addition of PbA* solution a yellow) 

On addition of CaCLj solution a white gelat- ) 

On addition of CaCl* a white pulrerulent \ 

On addition of FejCl^ a yellowish white pre- ) 
dpitate (449, 450). . . J 


(C1O4)" 

!",• probably. 

(C1O4)",* probably. 

(PO 4 y",or(As04)'". 



* F will be readily detected in this precipitate, or, better, in the 
original substance, by 462, (C,0 4 )" by 453. 

Notes on the Preceding Table. 

444. 1. Unless the Na,CO s solution used in preparing the 
solution for these tests was pure, (S0 4 )" and (CI) 7 , if detected, 
may have been present only as impurities in the Na^O.; por- 
tions of the original substance should then be tested by 446 
and 447. 

2. The presence of (SiF.)" should be confirmed by adding 
KC1 (300), or by evolving HF by strong H 2 S0 4 (301); the HF 
is most readily obtained from the BaSiF 6 precipitate. 

3. Should AgN0 3 yield a black precipitate, this proves the 
presence of a sulphide, or possibly or a thiosulphate ; add HNO s 
and boil, the black AgjS will thus be decomposed, leaving a 
milky liquid, in which any other precipitate is readily seen 
after being coagulated by heating or shaking. 

23* 
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445, 1. It must be remembered that (Cy)', (FeCyJ^, 
(FejCvuV 1 an d (CyS) are also precipitated by AgNO Sl and 
therefore if these acid radicles have been already found, a pre- 
cipitate produced by AgN0 8 does not prove the presence of 
(CI)', (Br)' or (I)', which acid radicles must be specially ex- 
amined for, as is directed below. 

If chloride, bromide and iodide have all to be tested for, a 
portion of the Na 2 CO s solution must be examined by 273 ; or 
the precipitate obtained by AgNO s (443, II.} may be tested by 
273a for CI, Br, I. If only bromide and iodide have to be tested 
for, use 274. 

2. If a white precipitate of PbSO. is produced here, it may 
be dissolved by warming after the addition of AmHO in excess, 
which will form Am A (151); red basic lead chromate will 
remain if a chromate was present. 



SPECIAL TESTS FOR ACID RADICLES. 

446. Sulphate. — A portion of the original sulxstance 
is boiled with HC1, and the decanted or filtered liquid 
is tested with BaCl 2 : a white precipitate shows the 
presence of S0 4 . 

447. Chloride. — A portion of the original substance 
is warmed with HNO s , the solution decanted or filtered, 
and AgNO., added to it; a perfectly white precipitate, 
easily soluble in warm AmHO, shows the presence of 
chloride, 

448. Cyanide, if present, will have been detected by 
its special test (381) and by the smell of bitter almonds, 
which is given off by the substance after adding H^50 4 
(411). Ascertain in what form cyanogen is present by 
483. 

449. Arsenafe. — This acid radicle cannot be present 
unless As was detected during the examination for 
metals ; the presence of ( As0 4 )"' is there rendered prob- 
able by the precipitation of yellow As^Ss occurring only 
when the acid liquid saturated with H^ is tailed. If 
As has been found amongst the metals, proceed to test 
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for (As0 4 )'" by adding HC1 to a portion of the Na^CC^ 
solution (442) until it is acid, then AraCl, AmHO in 
excess, and MgS0 4 ; filter off any precipitate which 
forms on warming and shaking the liquid, and pour a 
few drops of AgNO a solution upon the white precipi- 
tate on the filter ; a change of color to brown shows the 
presence of (AsO^'". 

450. Plwsphate. — Boil some of the original substance 
with dilute HN0 3 , and add a little of the clear solution 
to some AmHMo0 4 solution; shake and stir the liquid 
well, and if no precipitate forms, warm very gently; a 
yellow precipitate shows the presence of (P0 4 )'". 

If (AsO,)"' has been detected (449), this test for (P0 4 )'" is 
only trustworthy when the yellow precipitate has been obtained 
either in the cold or by employing a very gentle heat. If any 
doubt is felt concerning the presence of (PO*)'", boil some of 
the substance with strong HC1, and examine for (P0 4 ) /// after 
having entirely separated the (As0 4 ) //f/ by passing HjS into the 
boiling HC1 solution. A doubtful precipitate with AmHMo0 4 
may be proved to contain phosphate by dissolving it in Am HO, 
adding AmCl and MgS0 4 , filtering and dropping AgN0 3 upon 
the precipitate; if phosphate is present, it turns yellow; if ar- 
senate, brown. 

451. Borate. — Warm a portion of the substance with 
a little dilute HC1, dip into the solution a strip of tur- 
meric paper and dry it in a steam -oven or at a gentle 
heat; if the slip is reddish broicn, and becomes blue- 
black when moistened with "AmHO, tfie presence of 
(B0 3 )'" is shown. 

452. Fluoride. — Pour upon a portion of the pow- 
dered substance strong H.jS0 4 ; warm the mixture in a 
leaden or platinum crucible covered with a watch-glass, 
which has been coated with paraffin wax, and has then 
had characters traced through the film with the point 
of a penknife: the characters are etched upon the glass 
(296), showing the presence of F. 

If Si0 2 is known to be present, the test must be made 
by conducting the gas which is evolved when the sub- 
stance is heated with strong H 2 S0 4 into dilute AmHO, 
when a deposit of gelatinous H 4 Si0 4 proves the presence 
of F. 
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458, Oxalate. — The precipitate produced by CaCl 2 in 
III. (443), or the original substance, if it contains no car- 
bonate, is mixed on a watch-glass with Mn0 2 free from 
carbonate, and with strong HjSO*, and gently warmed : 
C0 2 is evolved and detected by holding over the bub- 
bles which rise from the mixture a rod moistened with 
lime-water, or by inverting another watch-glass con- 
taining on its under surface a drop of lime-water over 
the glass containing the mixture. 

453a. Tartrate. — The presence of T will probably 
have been indicated in the preliminary examination 
(388, 412*9). In order to confirm its presence, any 
metals of Groups I., II. and III. must be separated by 
H 2 8 or Am 2 S; CaT is then precipitated from the liquid, 
made just alkaline with AmHO and mixed with a little 
AmCl, by adding excess of CaCl 2 , shaking well and let- 
ting stand for some time. A precipitate may consist 
of CaT, Ca^O^ or CaO. By shaking this precipitate 
with cold KHO solution, CaT is dissolved and may be 
reprecipitated from the solution or filtrate by diluting 
and boiling for some time: the liquid is decanted, and 
the precipitate is then gently warmed with a little very 
dilute AmHO and a crystal of AgNO a ; a metallic mir- 
ror shows the presence of T. 

464. Sulphide. — Very small quantities of S may be 
detected by boiling the substance with KHO for some 
time, and adding to the clear solution alkaline PbA, 
solution, when a black precipitate or coloration will 
appear. 



This concludes the ordinary method of examining a soluble 
substance: the remaining paragraphs of this section treat of 
special processes which are necessary for the analysis of certain 
substances. 
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REMARKS ON THE PRECIPITATION OF 

GROUP III. 



459. In the General Table (419) it is assumed that 
in the absence of (P0 4 )'" the two Sub-groups III.a 
and III.b can be separated from one another by adding 
first AmCl and then excess of AmHO to the solution, 
Group III.a alone being thus precipitated, and Group 
III.b being afterwards precipitated by adding Am^ to 
the filtrate. 

It is true that AmCl entirely prevents the precipita- 
tion of Group III.B by AmHO if certain other metals 
are absent and the solution is kept covered from the air; 
but the members of Group III.a, if they are present at 
the same time in the solution, are precipitated by AmHO ; 
and the presence of AmCl will not prevent Mn and Zn 
from being partially precipitated with them, Mn particu- 
larly showing a tendency to be precipitated with Fe, and 
Zn with Cr. 

Hence, if Mn or Zn be present in small quantity only, 
it may be entirely precipitated in Group III.a. Thi9 
is not a serious matter in the case of Mn, since it is 
readily detected in the ordinary examination of the 
precipitate by Table III.A by yielding a green mass 
on fusion with NajCOa and KN0 3 ; but Zn may be en- 
tirely passed over, since if it had been precipitated with 
Cr 2 H 6 6 its presence would certainly not be detected in 
Table III.A. 

The method of dissolving the precipitate obtained in 
Group III.a several times in HC1 and reprecipitating 
it with AmHO to some extent meets this difficulty; 
but it is preferable, whenever a precipitate is produced 
on adding AmCl and AmHO, and traces of Mn and 
more particularly of Zn have to be tested for, to pre- 
cipitate Groups III.a and III.B together, by adding in 
succession AmCl, AmHO and Am^S and boiling. The 
precipitate is then examined by Table III.C (464, 465) 
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for Groups III.a and III.b, the filtrate being examined, 
as is directed in the General Table, fo^GroupsIV. and V. 
It must be understood that if no precipitate is pro- 
duced by AmCl and AmHO, AnijS may be added at 
once; any precipitate which is formed is then examined 
by Table III.B, since in the absence of Group III.A the 
members of Group III.B are not precipitated by AmHO 
in the presence of AmCl. 

460. The presence of (P0 4 )'" in the HCl solution, 
which has to be examined for Groups III., IV. and V., 
involves no special procedure if AmHO added after 
AmCl produces no precipitate, since the phosphates of 
Groups III. and IV. and of Mg must be absent. If, 
however, on adding AmCl and AmHO a precipitate is 
formed, the directions given at the head of III.d (466) 
must be followed, and the precipitate must be examined 
by that table. 

The reason for this departure from the ordinary course 
of analysis is that, whereas Al, Cr, Ba, Sr, Ca and Mg, 
if present as phosphates, are completely precipitated by 
AmHO, the phosphates of Ni, Co, Mn, Zn and Fe are 
only partially precipitated by AmHO; their metals are, 
however, entirely precipitated by AnijS. The filtrate 
from AnigS is then examined, as is directed in the 
General Table, for Groups IV. and V. 

The principles on which the method drawn out in 
Table III.D is founded are, — 

1. The insolubility of the phosphates of Al, Fe and 
Cr in HA in the presence of an alkaline acetate, the 
other portions of the precipitate being soluble. 

2. The separation of all the (P0 4 )'", which is in the 
HA solution combined with Ba, Sr, Ca or Mg, by the 
addition of Fc 2 Cl 6 in an acetic acid solution. 

The further separation of Al, Fe and Cr phosphates 
is somewhat complicated by the fact that A1P0 4 is only 
decomposed by fusion mixture when Si0 2 is also present, 
and this Si0 2 has to be removed after the fusion by 
methods which will be intelligible on reference to 292, 
291. 
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461. In obtaining the precipitate for Table III.d, 
the precipitates produced by AmHO and Ara^ must be 
filtered and washed separately, since phosphates of Fe, 
Zn, Mn, Ni, and Co are converted by Ara^S into sul- 
phides, with formation of ammonium phosphate in solu- 
tion, and this would precipitate Ba, Sr, Ca, Mg as 
phosphates, even if they were not originally present in 
that condition. This precipitation would not only com- 
plicate the process of analysis, but would also render it 
impossible to state whether Ba, Sr, Ca and Mg were 
originally present as phosphates or not. 

The phosphates of Groups III. and IV. and of Mg 
are accordingly first precipitated by AmCl and AmHO, 
then any members of Group III.B and any remaining 
traces of phosphates of Group III. are precipitated from 
the filtrate by AnijS. The two precipitates are mixed 
and treated with AnijS, which will dissolve away the 
(POJ'" from the phosphates of Fe, Zn, Mn, Ni, Co, 
leaving the other phosphates undecomposed ; hence, on 
filtering and testing the filtrate with AmCl, AmHO and 
Mg S0 4 , the formation of a white crystalline precipitate 
indicates the presence of fP0 4 )"' and indirectly estab- 
lishes the presence in the original precipitate of phosphate 
of some one or more of the metals Fe, Zn, Mn, Ni, Co. 

462. Oxalates, borates, fluorides and silicates of Ba, 
Sr, Ca, Mg would likewise be precipitated by AmHO in 
Group III.A; but by the evaporation of the HC1 solu- 
tion after passing HjS, H 3 BO a and HF are usually 
volatilized, and H^iOg becomes insoluble ; oxalates are 
also decomposed by a gentle ignition of the solid sub- 
stance remaining after evaporation. 

The best course to be pursued in precipitating and 
examining Group III. will be found in 463. 
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RULES FOR THE PRECIPITATION AND EX- 
AMINATION OF GROUPS IILa. AND IILb 



Refer to 459-462 for the explanation of these rules. 

463. The following rules may be laid down for pre- 
cipitating and detecting members of Groups IILa and 
IILb in the HC1 solution, a small portion of which has 
been tested for (POJ'" by AmHMoO, (419) :— 

I. If the addition of AmHO after AmCl causes no 
precipitate, showing the absence of Al, Fe, Cr and of 
their phosphates, and of phosphates of Ba, Sr, Ca and 
Mg, AmjS is at once added, the liquid boiled, and any 
precipitate which forms is examined for members of 
Group IILb by Table IILb (437) : this course is pur- 
sued whether (P0 4 )'" is present or absent, since even if 
phosphate is present, metals of Groups III. and IV. and 
Mg are not present as phosphates. 

II. If the addition of AmHO after Am CI causes a pre- 
cipitate, showing the presence of Al, Fe, Or, and (P(5 4 )'" 
is not present, the plan of precipitation depends upon the 
object of the analyst. 

If small quantities of Zn need not be tested for, 
the method given in the general table (419) may be 
followed. 

If traces of Zn have to be tested for in the solution, 
add AmCl, then AmHO and Am^S in excess, boil, filter, 
and examine the precipitate by Table III.Ci (464) or 
III.Cj (465). The method described in Table III.c, 
gives trustworthy results, and is to be used for very care- 
ful analysis; the method in Table III.c 2 is, however, 
much more simple, and is sufficiently accurate for gene- 
ral use. 

III. If the addition of AmHO after AmCl causes a 
precipitate, and (POtf ,f is present, the method of pre- 
cipitation to be adopted, together with the table for the 
examination of the group precipitate, will be found in 
466. 
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464. TABLE III.C,.— THE SEPARATION OF 
GROUPS IILa AND III.B BY BaCO,. 

The precipitate may contain Fe, Al, Cr, Zn, Mn, Ni, 
Co. Rinse it off the filter into a porcelain dish, using 
as little water as possible ; add some strong HC1 and 
boil, adding at intervals a small crystal of ICC10 3 until 
all is dissolved but a small quantity of yellow sulphur. 
Evaporate very nearly to dryness, dilute with a little 
water and pour through a filter, if necessary, into a small 
flask. Cool, pour in a small quantity of BaCO s sus- 
pended in water, cork the flask tightly and shake well ; 
repeat the addition of BaCO s and agitation until the 
precipitate is distinctly whitened by the excess of BaCO s : 
then shake well and allow the flask to stand by corked 
for at least fifteen minutes, occasionally shaking it vigor- 
ously. Let the precipitate subside, filter; wash the pre- 
cipitate with a little cold water, allowing the washings 
to run through into the filtrate, then wash thoroughly, 
rejecting the washing-water : 



1. PrecipitaU may contain Fe, Al, 
Cr and BaCO, ; dissolre it in ai 
little boiling HC1 as possible ; 
remore Ba from the boiling 
solution by adding boiling dilate 
HjSOj gradually, until after 
allowing the precipitate to 
settle, a few additional drops 
of acid cause no further pre- 
cipitate (Note 1, below) ; filter, 
add pure NaHO in excess to the 
filtrate, boil and filter : 



Precipitate : ex- 
amine for Fe 
and Cr by Col- 
umn 2, Table 
III.a (436). 



Filtrate : ex- 
amine for Al 
by Column 1, 
Table III.a 
(436). 



Note 1.— The separation of Ba 
may be neglected here, the precip- 
itate being at once boiled with 
NaHO: in this case much white 
BaCOiwiU remain with the IW), 
after fusion to separate Cr ; it will, 
howeyer, dissolre with the Fe and 
cause no complication. 



2. FtttroJ* may contain Zn, Mn, Ni, Co and 
BaCI*. Remore Ba by adding to the boUbtg 
liquid boOmg dilute H«S0 4 gradually, until 
the last few drops produce no further pre- 
cipitate in the clear liquid from which the 
BaS0 4 has been allowed to settle; filter; 
add pure NaHO in excess to the cold filtrate, 
stir well and filter : 



Precipitate may contain Mn, Ni, 
Co ; rinse oft* the filter into a 
porcelain dish with as little 
water as possible, add some 
strong HC1 and boil ; erapo- 
rate nearly to dryness, add 
a little strong solution of 



NaA to the liquid, 
to saturation, filter : 



H* 



Precipitate : ex- 
amine for Ni 
and Co ac- 
cording to 
Table III.B, 
Column 1 
(437). 



FUtrale: add 
AmHO in 
excess ; a 
flesh -color- 
ed precipi- 
tate shows: 

Preeence of Mm. 



FOtrate: 
H,S,awhite 
precipitate 
indicates : 
Preeence of 
Zn. 
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465. TABLE III.c,.— FOR EXAMINATION OF 

™TaSo» Remove the precipitate produced by AmCl, AmHO and AmjS 
both pages. po Ur i n g i n dilute HC1 and gently stirring and shaking the liquid : 
left, filter (see Note 1) : 



Residue, if black, may 
contain Ni8 and CoS: 
examine It as directed 
in Table III. a. Column 1 
(487). 



Filtrate may contain Al, Fe, Cr, Zn, Mn. Carefully nolo 
of this observation, examine the liquid by Column I. or II. 



its 



Boil 



I. The liquid i* perfectly cotorlen: Abeence of Or. 
the liquid in (he dish for a few minutes until it no longer 



smells of H»S, then add a small crystal KCIO, and boil down 
to a small bulk ; cool, add NaHO in excess, stir well and 
filter: 



Precipitate may contain Fe, 
Mn. Dry and fuse it on 
platinum foil with NajCO, 
and KNOa ; a blue-green 
mass shows: 

Preeence of Mn. 

Boil the foil in a porcelain 
dish with water for some 
time, and if any undis- 
solved residue is left, de- 
cant the liquid, boil the 
residue with HC1, and add 
KCyS ; a blood-red colora- 
tion shows : 
Pretence of Fe (Note 3, 436). 



Filtrate may contain Zn, Al. 

Divide into two equal parts) 

(Note 2). 
Into one portion pass Hj8: a 

white precipitate forms at 

once : 

Pretence of En. 

To the other portion add 
AmCl in excess, and heat ; 
a colorless, flocculent 
cipitate : 

ofAl 



Note 1. — A mere milkincss, due to the separation of sulphur, shows the 
Note 2. — Al and Zn may also be detected without dividing the filtrate 

alkaline; a colorless, flocculent precipitate shows presence of Al: this is 

presence of Zn. 
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GROUPS III.A AND III.b, WHEN MIXED. 

from the filter by opening the filter out inside a porcelain dish, 
take out the filter paper, stir well, and if any black residue is 



color, which to best seen bj pouring it into a white porcelain dish, and according to the result 



II. The liquid Kom a violet or bright green color : Presence of Or. 

Boil the liquid in the dish until HjS is no longer smelt, drop in a small crystal of KCIO. 
and boil down nearly to dryness ; dilute with a little water, pour into a small flask unci 
add BaCO* suspended in water gradually whilst constantly shaking the liquid until the 
excess of BaCO, whitens the precipitate, cork the flask and allow it to stand for not less 
than fifteen minutes, occasionally shaking it well ; filter, wash firat with cold water, letting 
the washings run into the filtrate, then with boiling water, rejecting the washings : 



Precipitate may contain 
Fe, Al, Cr; examine 
it by Column 1, Table 
HI.C! (464). r 



Filtrate may contain Zn, Mn ; boil, and whilst boiling add 
boding dilute HsS0 4 gradually until the last few drops 
cause no further precipitate, filter from BaS0 4 ; cool, add 
pure NaHO in excess, stir well and filter : 



Precipitate : dry and fuse 
with Na,CO ? and KNOgon 
platinum foil; blue-groon 



Pretence of Mn. 



tVtrate: pass HjS; white 
precipitate : 

Pretence ofZn. 



absence of Ni and Co, and does not render filtration necessary. 

by adding to it HC1 gradually until it becomes acid, then AmHO until 

filtered off and H S S passed into the filtrate; a white precipitate shows 



268 



PRECIPITATION AND EXAMINATION 



[466. 



These lines 
run across 
both pages. 



TABLE III.D.— FOR EXAMINATION 

466. If (P0 4 )'" is found in the HC1 solution in the 
and a precipitate forms on addition of AmCl and exeess of 
filtered quickly, and the precipitate is washed well with hot 
tion boiled, then filtered, and the filtrate examined for Groups 
AmHO and by Am^S are transferred to a porcelain dish and 
on the filter is washed well. The filtrate should be examined 
Ni, Co, one or more, were present as phosphates. 

The residue left after stirring with Am^S may contain Ba, 
and Al, Cr as hydrates. Remove it from the filter and heat 
dissolve it, drop in several small crystals o^KCIOj, and 
(Note 1) ; then add a solution of HA and NaA (552. 84) as 

Heat gently, and filter while hot: 



IfUrate: Add FegCl« (Note 2), drop by drop, as long as a precipitate forma, and until thel 
liquid, after being well stirred or shaken, remains reddish : addition of FejCI^ in' 
large excess must be carefully aroided. Warm gently for some timo, filter whilst hot, ' 
and wash with hot water : 



FUtrate: Add A ma, AmHO (Note 3), and Am^S: filter : 



FUtrate : Add AmjCOjj : filter : 



Precipitate may con- 
tain BaCO* SrC0 3 , 
CaC0 3 . Examine 
this precipitate by 
Table IV. (438). 

Ba, Sr, Oa, if found 
in this precipi- 
tate, were present 
in the solution as 
phosphates. 



FUtrate: may contain 
Mg ; after remov- 
ing any traces of 
Ba, Sr, Ca (Table 
439, Column I.) add 
Na-HPO* warm 
and shake well ; 
white crystalline 
precipitate : 
Pretence of Mg em 
phoepkate. 



Precipitate .* examine 
by Table IH.a 
(464, 465) for Zn, 
Mn, Ni, Co, also for 
Al and Cr. 

Test" a portion of the 
original solution, or 
the solution of the 
substance in HC1. for 
Fe" and Fe"' accord- 
ing to Note 3 (436). 



Precipitate : con 
tainingFePO* 
may be ne- 
glected. 



Note 1. — An insoluble residue here may contain SrS0 4 and BaS0 4 
here, were present originally as phosphates. 

Note 2. — A few drops of Fe.Cl 6 may be added to a small part only 
may be examined at once for Groups III. and IV. and for Mg, without 

Note 3. — Since this filtrate has to be tested for Groups III.A and 
together and analyzing the precipitate by Table III.c, or by precipi- 
by AmJ3, and examining the precipitates by Tables III.A and Ilt.B 

Note 4. — Since CrP0 4 is rarely present, this precipitate may gener- 
will be in solution, and is detected* by adding AmCl in excess, which 
is detected by dissolving in HC1 and adding KCyS. 
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OF PHOSPHATES IN GROUP III. 

General Table (419) after precipitating Groups I. and II., 
AmHO, the liquid containing the precipitate is gently heated, 
water. To the filtrate Am^ is added in excess and the solu- 
IV. and V. (419, 431). The two precipitates yielded by 
stirred well with a little Am^S, then filtered, and the residue 
for (PO,)'" by adding MgS0 4 ; if this is present, Fe, Zn, Mn, 

Sr, Ca, Mg as phosphates; Fe, Zn, Mn, Ni, Co as sulphides; 
it with dilute HCI in a porcelain dish. If this does not 
evaporate very nearly to dryness. Filter off S if necessary 
long as any precipitate is produced. 



Precipitate may consist of FePO* AIPO4, CrP0 4 (Note 4). Dry the precipitate on the 
filter, and fuse it for a short time in a platinum crucible or on platinum foil with a 
mixture of finely-powdered SiO», NajCOg, and KNOj. When cold dissolve by boiling 
with a little distilled water, add Am s 00 3 ; allow to stand for a short time, stirring 
occasionally ; let the precipitate subside, filter : 



Filtrate: add HA 
until the solu- 
tion is acid, boil 
for a short time, 

then add PbA s ; 
yellow precipi- 
tate of PbCr0 4 : 
Presence of Or as 
phosphate. 

Note. — A white 
precipitate on 
addition of PbA s 
may be disre- 
garded. 



Precipitate may contain HaSi0 4 , Fe and Al as silicates, and 
FegHog. Acidify with HCI, evaporate to dryness, and heat the 
dry residue gently. Warm with a few drops of strong HCI, add 
hot water, and filter : 



Filtrate: add pure NaHO in excess, boll and 
filter: 



FUtrxde: add Am CI in 
excess, boil : white, 
gelatinous precipi- 
tate : 

Presence of Al as 
phosphate. 



Precipitate is brown 
FegHoft : dissolve by 
boiling with HCI, 
and add KCy8: 
blood-red coloration : 
Presence of Fe at 
phosphate. 



Residue is SiO, 
and may be 
neglected. 



and must be examined by the latter part of 428: Ba or Sr, if found 

of the filtrate and heated; if it causes no precipitate, the other portion 
adding FejCfl 6 . 

III.B, it may be examined either by adding AmCl, AmHO and Am,S 
tating Groups III.A and III.B separately by AmCl and AmHO and 
(436, 437). 

ally be tested by boiling with excess of NaHO, and filtering; AIPO4 
gives a gelatinous precipitate; Fe,Ho 6 remains as a precipitate and 
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ANALYSIS OF METALS AND ALLOYS. 



467. The metal is first reduced to powder, filings or 
thin turnings or shavings. After making the following 
preliminary examination (468), either of the two methods 
described in 470, 471 may be adopted. 

The first method should be employed for the examina- 
tion of a metal or alloy of unknown composition, since 
all metals, even when present in small quantity only, 
may thus be detected. 

In making the solution by the second method, Sn, Sb, 
Au and Pt are left undissolved, all other metals passing 
into solution; it is not, however, to be recommended as 
a general process for examination of metals and alloys, 
since the following complications are apt to occur : 

If As is present with Sn, a part or the whole of the 
As may remain in the residue; Pt, if present with a 
sufficient quantity of Ag, may pass entirely into solution ; 
and Sb will always partly dissolve. The process, how- 
ever, is useful in cases where an alloy, known to contain 
a large proportion of Sn or Sb, has to be examined for 
other metals, since these are dissolved away at once from 
the bulk of the Sn or Sb, but care must be taken that 
As is not passed over in the presence of Sn. 

Preliminary Examination. 

468. Note the color of the substance and also any 
smell that may be given off when it is rubbed with the 
hand ; also whether it is crystalline or not, and if it is 
attracted by a magnet (Fe, Ni, Co, etc.). 

Note also the hardness of the metal, by seeing if it can 
be scratched or cut by a steel knife; also wnether on 
being struck smartly with a hammer it breaks to powder 
(brittle) or flattens out (malleable); then try the follow- 
ing experiments with separate small portions of the 
substance: 

I. Heat with Na,CO s on charcoal in the inner blowpipe 

flame (403, 404, 405). 
II. Fuse into a colorless borax bead (401). 
III. Try the flame coloration (397). 
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IV. Heat in an ignition tube, and note whether a metallic sub- 
limate of Cd, As, or of globules of Hg forms, or whether 
S sublimes from a sulphide. 

469. P, As ,and S can frequently only be detected as phos- 
phate, arsenate and sulphate by dissolving the substance in strong 
HNO ? , or in aqua regia, or by fusing it with KN0 3 and Na^CC^ 
and dissolving in water, ana testing the solution by 450, 449, 
446. 

Si can be detected as SiO, by evaporating the acid solution 
(428). . 

Solution and Examination of a Metal or Alloy. 

470. Method I. — Pour some rather dilute HC1 upon 
the powdered metal in a small flask covered with a watch 
glass with its concave surface upwards, and heat for some 
time just short of boiling ; if the metal dissolves readily, 
continue heating until the metal is completely dissolved, 
and examine the HC1 solution according to the general 
table (419). 

Frequently HCI alone does not effect complete solu- 
tion ; two or three drops of strong HNO s should then be 
poured in, and more HN0 3 and HCI added occasionally 
when the action ceases or when red fumes are no longer 
given off on heating. When the metal has entirely dis- 
appeared, add a little more strong HCI and boil as long 
as any CI or reddish fumes are given off; then dilute 
with a little water, heat to boiling, and cool; filter if 
there is any white residue: — 



Residue, if crystalline, is prob- 
ably PbCl r and will be found 
to dissolve entirely if washed 
with sufficient boiling water. 

In this solution the presence 
of Pb is confirmed by adding 
K,Cr0 4 , which gives a yellow 
precipitate soluble in excess of 
KHO, showing Presence of Pb. 

If any residue is left after washing 
well with boiling water, it is pro- 
bably AgCl ; confirm the pres- 
ence of Ag by pouring upon the 
residue hot AmHO, it dissolves 
completely and is reprecipitated 
on adding HNOj in excess: — 

Presence of Ag. 



Filtrate (Note 1) : dilute largely 
with H 2 (see Note 2), and 
whether this causes a precip- 
itate or not, pass H 2 S to sat- 
uration into the cold solution ; 
examine any precipitate thus 
produced by Table II. (435), 
and proceed to examine the fil- 
trate for Groups III., IV. and 
V., as directed in the general 
table (419). 



Note 1. — If Au and Pt may be 
present, they must be tested for in 
the H 2 S precipitate, according to 
the directions in 472-474. 

Note 2. — A white precipitate ap- 
pearing on dilution is due to the 
presence of Bi,Sb, or Sn. 
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471. Method II.— Pour upon the finely-divided 
metal some strong HNO s ,* and heat in a small flask 
covered with a watch glass as long as any red fumes 
appear : one of two results will occur : — 



I. 


n. 


The enbetance dieeoleee 
completely with or with- 
out addition of water. 
Absence of Pt, Au, 8b, 
Sn (Note 1). 

Examine the solution, 
after boiling nearly to 
dryness and diluting 
with water (Note 2), by 
the general table (419). 


A reeidue i» left : add some hot water and boil, then 
filter and wash the residue on the filter well with 
boiling water (Note 2). The residue may present 
the following appearances : — 


1. Entirely metallic or black 
powder: probably Pt or Au. 
DissolTe by heating in a small 
flask covered with a watch 
glass, with a little Ha to which 
a few drops of HNOj have been 
added. When completely dis- 
solved add more HC1, and boil 
down in an evaporating basin 
nearly to dryness ; examine the 
solution for Au and Pt by 474, 
commencing with the addition 
of KC1 and using only the left 
hand side of the table, since 
Sn will be absent. 


2. White powder 
may contain Sn, 
8b, As, possibly 
also Pt and An 
concealed in it 
(Note 3). 



Note 1. — The solution is liable to contain small quantities of 
these metals, which must always be tested for in a careful 
analysis. 

Note 2. — BiOCl will often precipitate on dilution, but the 
precipitate will disappear on adding HC1 and boiling, being 
thus easily distinguished from the Group I. precipitate. 

Note 3. — If much residue is obtained, a small quantity of it may 
be heated in a test-tube with HC1, adding KClO, ; if it dissolves 
entirely, dissolve the whole of the residue, then examine the solu- 
tion by Table II., commencing at 4356 / if it refuses to dissolve 
proceed with the rest of the residue as directed below. If the 
residue is small in quantity, examine it at once as directed be- 
low. 

Examination of the Non-Metattie Residue insoluble in 
HN0 3 . — Dry the residue on the filter at a gentle heat, 
mix it thoroughly with about an equal quantity of 
powdered NajOOj and NaNOj, and add the mixture 
gradually to some NaNO s in fusion in a porcelain cru- 



• If Hg is found in the preliminary examination, and small quantities 
of Ag have to be tested for, the Hg should be expelled by heating the 
substance strongly in a porcelain crucible before dissolving in acid, as 
Hg(NOi), tends to prevent the precipitation of Ag by HC1 in Group I. 
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cible ; then pour the melted substance out into a porcelain 
dish ; allow it to cool, then pour upon it cold water and 
let it stand for some time. After crushing the mass with 
a pestle and stirring it occasionally, filter, and wash the 
residue on the filter with dilute alcohol, throwing away 
the washings : — 



Residue may contain Sn, Sb, Pt, Aii, Place 
it in a small porcelain dish, pour in a 
little HG1 and heat, then add water ; 
whether the residue has dissolved or not, 
place in the liquid a strip of Pt-foil and 
drop upon it a piece of pure Zn ; re- 
move the platinum strip in a few seconds ; 
if it is stained black, Sb is present. Wait 
until the evolution of H ceases, taking 
care that there is some Zn left undis- 
solved, and adding more Zn if the first 
piece has entirely dissolved. 

The residue in the dish may consist of Sn, 
Au and Pt ; remove the Zn, rinsing off 
any substance adhering to it into the 
dish, stir the liquid in the dish well, then 
pour off the liquid, carefully leaving the 
residue ; pour in water, stir well, and 
again pour off carefully. Boil the residue 
for some time with strong IIC1 in a test- 
tube, dilute, decant, add HgCls, a white 
precipitate forms : — Pretence of Sn. 

Rendu* : dissolve by warming with HC1 
and HNOs, and examine the solution for 
Au and Pt by 474, using only the left 
hand portion of the table. 



Filtrate may contain 
(AsOi)'": addHNOi 
until the solution is 
acid and boil, evapo- 
rating the liquid in a 
dish if very bulky. 
Pour into half this so- 
lution AgN0 3 as long 
as it gives any precipi- 
tate,andadd gradually 
AmHO diluted with 
10 or 12 times its bulk 
of water, a brown pre- 
cipitate shows :— 
Presence of At. 

To the other half of the 
acid solution add 
AmHO in excess, then 
MgS0 4 , and rub the 
inside of the vessel 
with a glass rod ; a 
white crystalline pre- 
cipitate, often appear- 
ing only after some 
time, shows : — 
Presence of At. 



SEPARATION AND DETECTION OP Au AND Pt. 

472. Au and Pt will, in the ordinary course of analy- 
sis, be entirely precipitated as sulphides in the second 
group if H 2 8 is passed for some time into the hot HC1 
solution ; and since these sulphides are soluble in KHO 
and in An^S, on examining the HaS precipitate by Tabic 
II. (435), the Au and Pt will pass into the filtrate when 
the precipitate is boiled with KHO or An^S. No modi- 
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fication of the process described in Table II. is required 
for the detection of these two metals until the examina- 
tion of the residue in the hydrogen flask is commenced. 
The Au and Pt will be present in this residue, associated 
with Sn if it be present, and usually also with at least a 
part of the Sb (if present), since Zn in contact with Pt 
in an acid liquid causes the separation of metallic Sb 
(193). Accordingly, when Au and Pt have to be tested 
for, the ordinary course of analysis is to be followed until 
the residue in the hydrogen flask is obtained ; and this 
is examined as directed in 473. 

473. After washing the residue left in the hydrogen 
flask by decantation in a porcelain dish, and removing 
any excess of Zn, boil it with a little strong HC1 in a 
test-tube for several minutes, allow the residue to settle, 
and decant the liquid : — 



474. Retidue:* pour upon the residue in the dish a little HC1, 
add several drops of HNO* and boil gently very nearly to 
dryness; add some KC1 solution and evaporate once more 
very nearly to dryness. Pour some absolute alcohol into 
the cool dish and stir well for a time, allow the precipitate 
to settle and decant the liquid, wash the precipitate by stir- 
ring it with a little more alcohol and decant the liquid when 
the precipitate has settled : — 



Precipitate will consist of 
yellow K t PtCl« and excess 
of KC1, dissolve it in a little 
boiling wator, pour it into 
a white dish, add several 
drops of HC1, then SnCl, : 
an orange red coloration 
confirms the 

Pretence of Pi, 



Solution will be yellow if Au 
is present ; evaporate care- 
fully on a water-bath just to 
dryness, dissolve in a little 
water and add a few drops 
of freshly-prepared FeS0 4 
solution. Au will be pre- 
cipitated in a fine powder, 
causing the liquid to appear 
reddish by reflected and 
blue by transmitted light :— 

Pretence of Au. 



Solution: to one 
part add HgCL, 
a white preci- 
pitate, which 
does not appear 
at once if only 
traces of Sn are 
present : 
Pretence of Sn. 

Pour the other 
part of this 
solution into a 
porcelain dish, 
immerse in it a j 
strip of Pt and 
drop a piece of 
Zn on the Pt ; a 
black stain on 
the Pt shows:— 
of 8b. 



• If Sb has not been detected already in the precipitate produced by 
the gases in A^NOs solution (4356), this residue should he examined for 
8b, as the 8b, instead of having been given off as Sbllj, may have been 
deposited on the Pt or Au. Boil it once more for some time with strong 
HC1 to remove all Sn, wash the residue well by decantation and boil it 
in the dish with H,T, adding a few drops of HNOs, decant and test the 
liquid for Sb by adding HCl and passing H«S : the residue is then ex- 
amined as above (474). 
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EXAMINATION OF SUBSTANCES IN- 
SOLUBLE IN WATER AND ACIDS. 

475. An insoluble substance may consist of one or 
more of the following substances, all of which are white 
except FeA, CrA, FeGrA, PbCrO,, S, C, native SnO, 
and CaFj, and AgCl which has been exposed to light. 

In the following list those substances which are embraced in 
brackets ( ) may possibly be present ; those in square brackets 
[ ] improbably, because they are soluble in water. 



1. BaSO i 

2. SrSOt 

3. [CaSOJ \ 

4. \PbSOJ J 

6. PbOrO i 
6. [FbCQ 



7. AgCl 



1 



8. SiO t 

9. (Al 2 OJ 

10. (J> a s ) 

11. {0,0,) 

12. FtQrfi K 

13. (Sn0 2 ) 

14. &6,0 t ,S&,0 4 

15. CaF % 

16. S 

17. C 



Insoluble in water and acids. 
Insoluble " " 

( Not perfectly insoluble in water, soluble in 
i hot HC1, and should therefore pass into 
( the acid solution. 

Insoluble after being strongly heated, 
f Soluble in boiling water, and should there- 
J fore have been removed if the residue was 
I well washed with boiling water. 

' This may have been originally present as such, 
or may have been derived from the use of 
HC1 in making the solution, or by the action 
of aqua regia on the insoluble substances 
AgBr, Agl, AgCy, Ag^Cy^, Ag^FeCy^ 

Either uncombined, or as a silicate. 

Insoluble after being strongly ignited, but 
usually dissolved by long boiling with 
strong HC1. 

Chrome iron ore, native. 
Native or ignited. 



{Also a few other fluorides, and some meta- 
phosphates and arsenates. 
{Yellow, slowly soluble in strong HN0 8 , giv- 
ing red fumes, and yielding H,S0 4 . 
Black, and quite insoluble. 



If sufficient of the substance is at disposal, the preliminary 
examination (476) may be made on a portion of it. In 
case the quantity of substance is small, however, the whole of 
the substance must be employed for the examination by fusion 
(477). 
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Preliminary Examination of Insoluble Substances. 

476. The substance must be in the state of dry powder. 
Make a careful examination of it with a pocket lens. Expte. 
I. and II. need only be made if the substance is light in color. 



Experiment 



Observation. 



Inference. 



I. Observe whether the 
substance darkens when 
allowed to stand in the 
light for some time. 



The color changes to violet 
or black. 



Presence of AgOI. 



II. Pour a little Am,S 
upon a portion of the 
substance on a watch 
gh 



The substance blackens ; pan 
on to III. 

The substance does not 
blacken; pan on to V., 
omitting III. and IV., since 
Pb and Ag must be absent. 



Presence of Pb or Ag. 



III. Heat some of the sub- 
stance with a little water 
and a small piece of 
KCy ; filter off, keeping 
the residue ; to the filtrate 
add AxugS. 



A brownish precipitate. 



Presence of AgCl. 

ttw/V On warming some 
of the substance with 
AmHO, filtering, and 
adding excess of HNO, 
to the filtrate, a white 
precipitate forms, 
which, when shaken 
well or heated, coagu- 
lates into flocks. 



IV. Wash the residue 
from Exp. III. well upon 
the filter : — 

a. It u white; drop AmgS 
upon it. 

6. It U dark colored; add 

water and H.f , and boil 
after adding Am Ho in 
excess ; filter ; to the fil- 
trate add HA in excess 
and K s Cr0 4 . 



The residue blackens. 



Presence of Pb80 4 or 
Pbd«. 



V. Take up some of the 
substance upon a mois- 
tened loop of platinum 
wire; heat it for a short 
time in the inner blow- 
pipe flame, then moisten 
with a drop of strong 
HC1, and hold in the 
outer part of a Bunsen 
flame. 



VI. Heat in a small test- 
tube or ignition-tube, 
then strongly on a piece 
of porcelain or broken 
glass or on platinum foil. 



A yellow precipitate, soluble 
in KHO. 



A rtddtih yellow coloration, 
dutky green when seen 
through the indigo prism. 

A crinuon red coloration, ap- 
pearing deep red through 
the indigo prism. 

Awtottcith green coloration. 
Theme colorations may often 

be seen in succession and 

further distinguished by the 

spectroscope. 



Presence of PbS0 4 or 
PbClt. 



Presence of Ca ' 



Presence of Sr 
Presence of Ba 



sulphate. 



A yellow sublimate forms on 
the sides of tnbe. 

When strongly heated the 
substance smoulders, and 
ultimately burns away. 



Presence of S. 
Presence of C 
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Experiment. 


Observation. 


Inference. 


VII. Heat with strong 
HjSO* in a platinum cruci- 
ble or leaden cup covered 
with a watch glats (206) : 
or if a silicate is present 
examine by passing the gas 
into AmHO (297). 


• 

The glass is etched. 

A gelatinous precipitate is ob- 
tained in the AmHO. 


Presence of F. 
Presence of F. 


i 
Yin. Fuse some of the 
substance in a bead of 
NaAmHPO* first in the 
outer, then in the inner 
blowpipe flame. 


Particles are seen floating 
undissolved in the melted 
bead. 

Green-colored bead. 

Reddish brown bead, colorless 
when cold, and becoming 
greenUh in the inner 
flame. 


Presence of SiO, (480). 
Presence of Cr. 

Presence of Fa. 



Examination op Insoluble Substances. 

477. Mix the finely-powdered substance* with five 
or six times its bulk of fusion mixture, and heat the 
mixture in a small covered porcelain cruciblef until it 
melts ; keep it in fusion for at least ten minutes. Allow 
the crucible to cool, then pour some water into it and 
allow to stand or boil until the solid mass is loosened 
from the crucible ; boil this in a porcelain dish with dis- 
tilled water, crushing the mass by pressure with a pestle 
if it does not quickly fall to pieces. Allow the residue 
to settle, pour off the solution through a filter, and boil 
the residue with a little more water ; pour off through 
the same filter, adding this filtrate to the former one. 

For the examination of the undissolved residue, see 
478 ; for the filtrate, 479. 

478, Residue on the filter ; wash well with boiling 
water, then make a hole in the bottom of the filter, wash 
the residue through into a test-tube by pouring upon it 



* Which, if it is found by Exp. VI. to contain free S or C, must first 
be heated strongly for some time in an open porcelain crucible. 

f If Pb and Ag have been proved to be absent by the preliminary 
tests, or if they have been first removed by boiling the substance with 
KCy solution, then with H,T and excess of AmHO and washing well, 
a platinum crucible may be used. The use of a platinum crucible is 
preferable, since after fusing in porcelain small quantities of AUOs and 
SiO, will always be found, beinjg derived from the action of the 
NajC0 8 on the glaze of the porcelain. 

25 
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a little boiling dilute HNO s (Note 1\ and boil ; the res- 
idue dissolves entirely if the fusion nas been continued 
sufficiently long (Note 2). Filter, . if necessary, and ex- 
amine the solution by the general table (419), bearing in 
mind that only the metals enumerated in 475 are likely 
to be present (Note 3). 

Note 1. — If Ag and Pb are known to be absent by the pre- 
liminary experiment*, HC1 may be used for dissolving the res- 
idue and is preferable ; if effervescence is produced by these 
acids, the presence of Ba, Sr, Ca or Mg is proved. 

Note 2. — A residue here may consist of chrome iron ore ; this 
may be dissolved by heating with HNO s and KCIO, and the 
solution tested by the general table, when Cr and Fe will be 
found. 

Note 3. — It is best to evaporate the solution quite to dryness 
before testing for Group III., using a water-bath towards the 
end if the substance spurts. This is always necessary if SiO, is 
present in the substance, since it sometimes passes into the acid 
solution, and is completely separated from this solution by the 
process of evaporation (291). 

479. Aqueous solution of the fused mass. — Divide this 
solution into two parts, A and B. 

A. Add HC1 until the liquid is distinctly acid, and 
evaporate in a porcelain dish to dryness, finishing the 
process on a water- bath if necessary to avoid spurting ; 
then continue to heat the dish gently until the residue is 
quite dry ; pour in a little strong HC1 and warm, dilute 
and heat again ; an insoluble residue shows presence of 
Si0 2 . 

Filter, and examine the filtrate by the general table 
(419), more particularly for Al; but other bases, such as 
Cr, Mn, Zn, Sn, should also be tested for, since they are 
soluble in alkalis and may therefore pass into this solu- 
tion. 

b. Test separate portions for the following acid radi- 
icles as described below : unless the fusion mixture em- 
ployed was tolerably free from chloride, sulphate and 
phosphate, Tests 1, 2 and 4 may be of little value. 

1. Chloride : acidify with HN0 3 and add AgN0 3 , white 

precipitate easily soluble in AmHO. 

2. Sulphate : acidify with HC1 and add BaCl„ white 

precipitate insoluble on boiling. 
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3. Chromate: acidify with HA and add PbA 2 , yellow 

precipitate ; a chromate is also seen by the yellow 
color of the solution. Cr thus detected may have 
been present acting as a metal or as a constituent 
of an acid radicle. 

4. Phosphate : acidify with HNOj, add a few drops to 

some AmHMo0 4 solution, and warm gently. A 
yellow precipitate forms, often only after a time or 
on gently heating. If As has been found on 
passing HjS into the hot HC1 solution, (P0 4 )'" 
must be tested for in a portion of the filtrate after 
boiling off HjS, else the above yellow precipitate 
may be due to (AsOJ'". 

6. Fluoride : add HC1 in excess to a part of the solution, 
stir well, and let stand until the C0 2 has escaped, 
then add Am HO in excess, then CaCl 2 as long as 
it produces any precipitate, and let stand for a time; 
filter off, dry the precipitate and examine it for F 
by pouring strong HjSOj upon it in a platinum 
crucible covered with a watch glass (296). 
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ANALYSIS OF SILICATES. 

480. The presence of silica is shown by 382 or by 
Exp. VIII. in the preliminary examination of insoluble 
substances (476); when it has been found, it becomes 
necessary to examine for all metals, since many silicates 
which are soluble when alone become insoluble when 
they are mixed or combined with insoluble silicates. 

Many silicates are entirely decomposed by heating 
them with strong HC1 for some time just short of boil- 
ing; if the decomposition is complete, only a colorless 
residue of silicic acid will remain, and this may be iden- 
tified by its solubility in hot Na^C^ solution. 

If the silicate is not completely decomposed by hot 
strong HC1, it is treated as is directed in 477-479, re- 
membering, however, that all metals may be present. 

481. Since Na and K cannot be tested for in the 
solution obtained after fusion with alkaline carbonates, 
a separate portion must be examined for these metals by 
one of the two following processes: the materials used 
in the tests must be perfectly free from K and Na. 

Method I. — The finely-powdered silicate is mixed 
with its own weight of sublimed and crystallized NH 4 C1 
in powder, and with eight times its weight of pure 
CaCO s (see below). The mixture is gently heated in a 
platinum crucible for a few minutes, and finally kept at 
a bright red heat for twenty or thirty minutes: the 
mass will not fuse as a whole, but the fused CaCl 2 will 
dissolve sufficient CaO to bring this into contact with 
the silicates and decompose them. 

The cool substance, after being turned out of the cru- 
cible, if possible, is boiled with water for some time after 
it has crumbled by the slaking of the CaO: the liquid is 
then filtered, and Am 2 C0 3 solution is added to the filtrate, 
until it causes no further precipitate of CaCoj. The fil- 
trate from this precipitate is evaporated considerably and 
freed from traces of Ca by the addition of Am 2 C 2 4 . The 
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clear solution will now contain K, Na, Li, if they were 
present, as chlorides ; they may be tested for by the 
right hand side of Table V. (439) and by the spectro- 
scope (42). 

The pure CaCo s required for this process is prepared by dis- 
solving marble in HC1, and then adding powdered marble in 
excess and warming. The solution is then mixed with lime- 
water or milk of lime until it is alkaline in reaction : magne- 
sium, calcium phosphate and iron are thus precipitated. This 
solution is heated to about 75° C, and warm AmtC0 8 solu- 
tion is added until it causes no further precipitation ; the 
precipitated CaCO, is filtered off and washed well on the filter. 

Method II. — Evaporate the powdered substance 
several times in a platinum dish or crucible either with 
hydrofluoric acid and subsequently with strong H^SO^ 
or with five times its weight of finely-powdered calcium 
fluoride mixed into a paste with strong H^O^ in either 
case the mass is finally heated until no more white 
fumes are evolved. The cool residue is then boiled 
with water, BaCl 2 solution is added as long as it causes 
any precipitate, then AmHO is added in excess and 
Am a CO s solution is poured in as long as it causes any 
precipitate ; the precipitate is filtered off and the filtrate 
is examined for K and Na by Table V. (439) and by 
the spectroscope (42). 



25* 
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ANALYSIS OF SUBSTANCES CONTAINING 

CYANOGEN. 

482. If the substance to be analyzed is found to 
contain cyanogen (381), the usual course of analysis 
must frequently be somewhat modified, since the pres- 
ence of cyanogen might produce confusing results. 

The cyanogen may be present as a cyanide, sulpho- 
cyanide, ferrocyanide, ferricyanide, cobalticyanide, and 
rarely as a manganocyanide or chromicyanide. It is 
necessary first to ascertain in what form the cyanogen 
occurs, by trying the following preliminary experiments 
on a small portion of the substance. 



Preliminary Examination. 

483. Boil a portion of the substance for several 
minutes with KHO solution, then add some Na 2 CO, 
solution as long as it causes any precipitate, and boil 
again for several minutes ; filter, make the cold filtrate 
just acid with HC1, filter, if necessary, and test separate 
portions as follows : — 



Reagent added. 



1. FeS0 4 solution 



2. FojCl 6 solution 

3. Add ZnSOj solution as long 
us it causes any precipitate . 

The precipitate produced by 
ZnS0 4 should be filtered off and 
fused into a colorless borax 
bead. 



Result. 



{Blue precipitate 
White precipitate 



Blue precipitate 
Blood-red coloration 
Light brown pre-) 
cipitate . J 

White precipitate . 

A blue bead is pro-) 
duced . . J 



Inference. 



Presence of (FeCy.)**, 

Probable p res e nce of 

{CaOyft*. 
Presence of (FeCy«)*». 
Presence of (CyS)'. 

Presence of (FeCy«V*. 

Presence of (FeCyj) 1 *, 

(CoCye),". 

Presence of (CoCytV*. 



484. If a simple cyanide only is present, the ordinary 
course of analysis is pursued, but it will be necessary to 
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remove HCy by boiling the solution for some time after 
adding an acid (418, 419). 

If a ' sulphocyanide is found by the preliminary tests, 
it may usually be decomposed in the portion of the sub- 
stance which is to be examined for metals by pouring 
strong HNO s upon it in a porcelain dish and boiling 
down nearly to dryness: the liquid is then diluted and 
boiled, and may be considered as Solution 111.(418), any 
undissolved residue being treated as is directed in the 
table. 

485. Should the preliminary tests have proved the 
presence of ferro-, ferri-, cobalti-, chromi- or mangano- 
cyanide, two methods of procedure are open to the ana- 
lyst. Either the cyanogen may be removed from the 
substance before commencing the analysis (486), or the 
substance may be examined without any such prelimi- 
nary treatment (48 7\ 

The advantage ot employing the more complicated 
method in 487 is that it enables the analyst to decide 
whether the metals are present in cyanogen acid radicles 
or not, and it yields a more precise knowledge of the con- 
stitution of the substance. 

486. Method I. — If cyanogen is not present only 
as a simple cyanide or sulphocyanide, either of the fol- 
lowing two processes may be used for removing it from 
the substance before analysis ; the substance may then 
be examined for metals in the usual way. 

1. Pour upon the powdered substance strong HjSOj 
in a porcelain crucible, evaporate to dryness and ignite 
the residue strongly ; when cold, dissolve it by heating 
with a little strong HC1, adding water and heating 
again. 

2. -Fuse the substance in a porcelain crucible with 
three or four times its weight of a mixture of three parts 
of Am 2 S0 4 and one part of AmNO s : the residue left in 
the crucible will be free from cyanogen and may be sub- 
jected to ordinary analysis. 
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487. Method II. (Fresenius). — Boil the substapce with 
ErfhpaS*. the washings to the filtrate: — 



These lines 
run across 



Filtrate: examine this 
for metals, more 
especially the alkalis, 
and for acid radicleB 
according to the 
directions given for 
analyzing a liquid 
(383). 

The acid radicles 
should be first tested 
for in a portion of 
the solution and if 
(FeCy«)* (Fe,Cy„)*«, 
(CojCyu)* 1 , one or 
more be found, the 
solution must be 
evaporated to dry- 
ness with HNOg, and 
the residue strongly 
heated (see general 
table) after filtering 
from the Hj8 precip- 
itate, in order to 
destroy these cyano- 
gen radicles. The 
Fe, Co, etc., in the 
cyanogen acid radi- 
cles will then be 
detected in the 
general table. 



Residue : boil with KHO solution for several minutes, then add 
and boil again ; filter and wash the residue :— 



Filtrate: pass HjS, and if 
KHO,* heat and filter :— 



it causes any precipitate, continue 



Precipitate: wash well with boiling 
water, and boil the precipitate with 
strong HNO3, a black residue of 
HgS may remain, filter this off 
after diluting the acid, and confirm 
the presence of Hg in the precipitate 
by heating it with NajCO, in a bulb- 
tube (147). 

The filtrate (or solution if HgS is ab- 
sent) is evaporated to dryness, the 
residue is then dissolved in a little 
hot strong HC1, the solution is much 
diluted, saturated with HjS, and 
filtered:— 



Precipitate: examine 
for Pb and Cu by 
Table II. (436a). 



Filtrate : add 
AmCl,AmHO 
in excess, and 
Am*S. and 
examine for 
Zn, Mn, Nl, 
Co, etc., by 
Table IILc* 
(466). 



Filtrate: add dilute 
saturation and filter: — 



Precipitate: boil with 
KHO, filter off any 
black precipitate 
and examine it for 
Hg by heating it 
with NafCo, In a 
bulb-tube (147). 

Add to the filtrate or 
solution HQ until 
it is add, pass H,S 
to saturation, and 
examine for As, So, 
Sn (Pt, An), by 
Table II. (436). com- 
mencing at 4366. 



* If H«S causes a precipitate, NaHS or KHS may be added, drop by- 
filtrate; this may be done instead of passing HtS to saturation and then 
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water, filter, and wash the residue with boiling water, adding 



some NftfOOfc eolation as long as it causes any precipitate in the solution or the filtrate, 



to past the gas until the liquid is saturated, then add more 



HNO, gradually until the liquid is just acid, pass HjS to 



Ftttrate : Divide into two parts, a, : — 



Examine for acid radi- 
cles in the usual way, 
testing for (CO|Cy u )*i 
by adding excess of 
ZnSOj, filtering and try- 
ing whether the precipi- 
tate gives a blue bead 
with borax. 



0. Evaporate to dryness and fuse 
the residue: when cold, boil it 
with water and filter: — 



Residue : dis- 
solve in HC1, 
and test for 
Al, Fe, Mn, 
Co (465); the 
last three if 
found were 
present ss 
cyanoge n 
acid radicles. 



Filtrate : acid- 
ify a portion, 
if yellow, 

with HA and 

add PbA^, a 

{rellow precip- 
tate shows 
"', the 
having 
been present 
as cyanogen 
acid radicle. 
Test another 
part for Al by 
adding HC1 
in excess, 

then AmHO 
in excess. 



(So*)' 



Residue: dissolve and 
examine for metals 
in the usual manner 
(418). 

Fe, Co, Mn, Cr. if 
found in this residue, 
were not present in 
cyanogen acid radicles. 



drop, until it no longer gives any precipitate in the liquid or in th< 
adding KHO. 
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EXAMPLE SHOWING HOW TO ENTER THE 
RESULTS OF ANALYSIS OF A COMPLEX 
SUBSTANCE. 



488. The substance given for analysis consisted of a 
powder containing pink, blue, white and black parti- 
cles. It smelt faintly of ammonia. 

Preliminary Examination for Metals. 



1 

Experiment. 


Observation. 


Inference. 


Ex ft. I.— Heated in a 
■mall dry test-tube. 

Cbnjfy.— Held in the 
upper part of the tube a 
glass rod with a drop of 
lime-water hanging on 
its end. 

Oonfy. — Boiled a portion 
of the substance with 
KHO solution. 

Oonfy.— Heated strongly 
another portion of the 
dried substance with 
Na,CO, in a bulb-tube. 


Water given off which 
turned red litmus paper 
bine. 

Strong smell of NH 8 gat. 

Substance blackened, no 
smell of burning. 

81ight white sublimate. 

The lime water became 
milky. 

Brown nitrous fumes 
evolved, recognized by 
their smell. 

CI gas evolved, found by 
smell and bleaching 
litmus. 

NH S gas was evolved, rec- 
ognized by its smell 
and by giving white 
fumes with strong HC1. 

No mirror formed. 


PreaofH/). 

Pret. of NH4. 
PreaofNHv 
Prob. prat of Co, Co, and 
aba of T and A. 

Pret. of As, NH+ Hg. 

00, erolred. 

Pret. of nitrate. 

Pre*, of CI. 

Pros, of NH* 
Abe. of Hg and A*. 


Exp. II.— Heated a por- 
tion of the substance on 
a loop of platinum wire 
in the Bunsen flame, 
moistened with HC1 and 
heated again in the 
flame. 

Heated for some time in 
the tip of the inner 
blowpipe flame, moist- 
ened with Ha, and i 
again held in the ; 

Bunsen flame. 1 

i 

i 


Bright pdlow flame. 

The flame appeared 

crtHMOM through the 

indigo prism. 

Crimmm col" appearing 
mtoaM red through the 
indigo prism. 

Bright green col* with 
blue core. 


Pret. of Na. 
Pret. of K. 

Pre*, of 8r. 
Pres. of Cu. 
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Expt 


Observation. 


Inference. 


Expt. III. — Heated a por- 


The greater part of the 




tion of the substance on 


substance fused readily, 




charcoal in the inner 


and was absorbed by the 




blowpipe flame. 


charcoal. 


Pros, of a salt of K, Na. 




Deflagration occurred. 


Pres. of chlorate, nitrate. 




A red metallic residue re- 






mained. 


Pres. of Cu. 


Cbi»/y.— Fused in a clear 


In the outer flame a bead 1 




borax bead in the outer 


green whilst hot, blue 




and inner blowpipe 


when cold. > 


Pros, of Cu. 


flame*. 


In the inner flame red 
and nearly opaque. J 




Cbitfr. —Fused on pla- 


No bluish green or yellow 




tinum foil with Na^Qg 


mass on cooliug. 


Abs. of Mn and Gr. 


and KNO,. 






Confy. — Fused on char- 


Red metallic residue. 


Pres. of Cu. 


coal in the inner blow- 


A portion placed on a 




pipe flame with NajCOg. 


silver coin and moistened 






gave no black stain. 


Aba. of S. 



Preliminary Examination for Acid Radicles. 



Expt 


Observation. 


   
Inference. 


Xxpt. I.— Added dilate 
Ha without heating. 

Heated to boiling. 


A colorless gas was 
evolved, which was free 
from smell, and turned 
a drop of lime-water 
milky. 

CI was evolved, recog- 
nized by its smell and 
by bleaching moist 
litmus paper. 


Pres. of carbonate. 
Abs. of sulphite, hypo- 
chlorite, Ac. 

Pres. of nitrate, chlorate, 
or some other oxidizing 
substance. 


Expt. n.— Added strong 
HjSO* 

Qmfy. — Dropped in 
copper turnings and 
heated. 

Heated strongly, cooled, 
and rinsed out 

Confy. — Boiled a portion 
of the substance with 
water, added strong 
HjSOj, cooled and 
poured in FeS0 4 solu- 
tion carefully. 


A bright yellow chlorous 
gas evolved, which 
crackled when warmed. 

Beddish brown fumes 
evolved. 

The tube when dry was 
seen not to be etched. 

A brown ring formed on 
the surface of the acid. 

5 


Pres. of chlorate. 
Pres. of nitrate. 

Abs. of fluoride. 
Pres. of nitrate. 



Examination for Metals in the Wet Way. 

Boiled a portion of the substance with Fe2Cl 6 , FeS0 4 
and KHO, added HC1 in excess; no blue pp. : — Absence 
ofOy. 
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These line* Boiled a portion of the substance with water; as it did not 
Stoppages. HC1 poured upon the undissolved residue: effervescence oo- 
HC1, boiled as long as any smell of CI was perceived ; the sub- 
it with the water sol n * which had been proved previously to 



No pp. 

Abe. of Group I. 
Hg*, Ag, and prob. Pb. 



Diluted with water and pawed Hj8 until the liquid smelt strongly 



A black 



fti 



Exam* by Table II. 



Filtrate m hich gave no further pp. « ith 

Boiled until it no longer smelt of 11*8, 

on addition of HN0 3 (prob. pre*, of Fe), 

of the HC1 sol"»- to some AuiHMo0 4 

boiled ; filtered :— 



A. brown pp. 
Exam* by Table III. a. 



Exam*- of pp. in Group II. — Removed from the filter 
into a porcelain dish, and boiled with KHO, filtered: — 



Filtrate:— 

Acidified 
with HC1, a 
white milky 
liquid only: 

Abe. of 
Group II.B. 



Pp. remoTed from JUter by a glass rod into a porcelain dish and 
boiled with strong HNO* as long as any red fumes came off, 
added dilute H,S0 4 and stirred well : 



No 

Abe. of Hg 
andPb. 



Added to sol*- excess of AxnHO : blue solution (Pree. 
of At):— 



No pp. : — 
Abe. of Bi. 



Acidified the blue sol" with HC1 and satu- 
rated with HjS : filtered off the black pp. 
rapidly and boiled it with dilute H,S0 4 : 



Pp. : dissolved in a 
little boiling dilute 
HNO,, added 
AmHO In excesft, 
then excess of HA, 
then K^KeCy* cho- 
colate red pp.:— 
Pree. of O*. 



Filtrate: diluted 
much and 
paased H,S, 
no pp. : — 
AU.qfOL 



Exam"- of pp. in Group III.a. 
Dissolved in a little boiling dilute HC1, added pure 
NaHO in excess, boiled and filterechsV- 



FMnde: added AmCl in 
excess, no pp. : — 
Abe. of At. 



Pp. : dried and fused on platinum foil with Na,CO, 
and KNOj, boiled the colorless (abe. of Or) mass 
when cold with water ; decanted from the undis- 
solved residue : — 



Reeidne in the dish dis- 
solved by boiling with a 
little HC1, added several 
drops of KCyS : a blood- 
red coloration : 
Pree. of Fe. 



Soln. being colorless 

proved abs. of Cr. 
Acidified with HA, boiled, 

and added PbA* no 

yellow pp. :— 
Abe. of Or. 
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completely dissolve, the sol ' was decanted, and a little dilute 
curred, and, on boiling, CI was smelt. Added a little strong 
stance was completely dissolved. Cooled this sol n ', and mixed 
give no pp. on addition of a little dilute HNO s : — 



of the gas, filtered : — 



S(S was pink (prob. pre*, of Co). 
ded some strong HNO3 and tailed to dryness (the color of the nol B * changed to light brown 
warmed the residue with HC1, it 'dissolved completely (Abe. of H^HQ£. Added a small portion 
warmed ; no pp. : Abeenee of (POtf". To the rein' added AmCI, then excess of AmHO, and 



Filtrate was again pink (pretence of Co) : added much AnijS and boiled, filtered . — 



A black pp. 

Exam«* by Table III.b. 



I Filtrate was yellow {absence of Ni) : added An^CO* filtered :— 



A while pp. 

Exam*- by Table IV. 



Filtrate. 

Exam*- by Table V. 



Exam*- of pp. in Group III.b. 

Rinsed the pp. off the filter with some cold dilute 
HC1, stirred well, filtered : — 



Pp. was black and had 
already been proved to 
contain no Ni ; fused a 
portion into a clear 
borax bead: bead blue 
in both flames : — 
Free, of Co. 


Filtrate: boiled until it 110 longer smelt of HgS, 
added a crystal of KClOfc boiled until the smell of 
CI ceased, cooled and added pare NaHO in excess : — 


No pp. 
Abt. ofMn. 


Passed H,S into the sol*- 
no pp : — 

Ab*. of Zn. 



Exam* of pp. in Group IV. 

1. Exam?- by Flame, Cot*- — Dissolved a small quan- 
tity of the pp. in a few drops of HC1 upon a watch glass, 
dipped a loop of Pt wire into the sol n - and held it in 
the Bunsen flame: a crimson red color was imparted to 
the flame, which appeared intense red through the in- 
digo prism : Pres. of Sr. This coloration was followed 
by a yellowish green, very persistent col n - : Pres. of Ba. 
Confirmed by spectroscope. 

2. Exam n - in the Wet Way. — Dissolved the rest of the 
pp. in as little boiling HA as possible; to a small part 
of the solution, perfectly cold, added CaS0 4 sol n, j an 
immediate pp. formed : Pres. of Ba. 

26 
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To the remainder of the HA sol n# , proved to be acid 
to litmus, added K 2 Cr0 4 until the liquid appeared yel- 
low, warmed and poured through a double filter : — 



Pp., which con- 
tained all the Ba 
present, was re- 
jected. 



To the clear filtrate, which was orange red in color, added 
Am HO until the color changed to light yellow, then added 
AnigGOg in excess and filtered : — 



Filtrate was re- 
jected. 



Pp. : dissolved in as little boiling HA as 
possible ; added to a small portion of the 
sol B ' Ca80 4 sol"- and boiled, a pp. formed, 
showing pre*. o/Sr. 

To the remainder of the HA solution 
added HjSO^ boiled, filtered, and to the 
filtrate, which gave no pp. after being 
boiled with mure HjSO* added AmHO 
in excess and AMgGjO^ no pp. : — 
Ab*. of Go. 



Exam*- op Filtrate from General Table for Group V. 

Evaporated the filtrate to dryness in a porcelain dish, 
scraped out the residue upon platinum foil, and ignited 
strongly until white fumes ceased to appear : dissolved 
the residue off the foil by boiling with water to which 
several drops of HC1 had been added, divided the sol n - 
into two unequal parts : — 



To the larger portion added several 
drops of Hj80 4 and boiled, then 
AmHO in excess and several drops 
of Am a (^0 4 ; on heating, a slight 
pp. formed ; filtered, and added to 
the clear filtrate NajHPO^ a white 
crystalline pp. : — 

Free, of Mg. 



Into the mailer portion dipped a loop of 
platinum wire, and held it in the 
Bunsen flame, an intense yellow 
col»' : — 

Pre*, of No, 

appearing crimson through the 
indigo prism : 

Pre*, of K. 

Confirmed the pros, of K by stirring a 
fresh portion of the sol*- with PtCl 4 
on a watch glass, a yellow pp. 
formed. 



Metals found:— Cu, Fe, Co, Ba, Sr, Mg, Na, K, NH 4 . 
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Exam"- for Acid Radicles. 

The following acid radicles have already been de- 
tected : (00,)", (NO,)', (CIO,)'. 

By reference to the Table of Solubilities (440), under 
the columns corresponding to the above metals, the only 
salt insoluble in acids is found to be BaS0 4 ; since Ba 
is present, and the substance is entirely soluble in acids, 
80 4 is absent. 

The following acid radicles have also been proved to 
be absent in the general examination for metals : — 

(Cr0 4 )", by the HC1 solution not becoming green on 
passing H^S. 

(AsO,)'" and (As0 4 )"', by no pp. forming in Group 

II.B. 

(SiO,)" and (SiF 6 )", by no residue insol. in HC1 re- 
maining on evaporating to dryness with HC1 for Group 

III.A. 

(P0 4 )'", by testing with AmHMoO, in the HC1 sol- 
for Group III.A. 

The organic acid radicles A and T are absent, since 
there was no smell of burning on heating the substance. 

The only commonly occurring acid radicles remaining 
to be specially tested for are therefore CI, Br, I, (C 2 4 )", 
and (B0 3 )'" ; and of these Br and I are probably absent, 
since no violet fumes of I or brown fumes of Br were 
evolved with strong HjSO^ 

Boiled a portion of the substance with pure NajCO, 
sol D# and filtered ; acidified portions of the filtrate with — 



HNO». 


HA. 


Added AgNOt, a perfectly white 
pp., easily sol. in Am HO : — 

Pre*, of CI. 


Added CaSO*, no pp. : — 
Ab*. of(CiO A )". 



292 EXAMPLE OP ENTRY. [488. 



Moistened a piece of turmeric paper with the HC1 
sol 11 * of the substance, and dried it at 100°; no reddish 
brown stain was produced : — Abs. of (2?0 S )'". 



Acid radicles found :— CO* NO* C10„ CI. 



{Metallic radicles: Cu, Fe, Co, Ba, Sr, Mg, Na, 
K, NH 4 . 
Acid radicles: CO,, NO s , CIO* CI. 
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REACTIONS FOR SOME OF THE RARER 

ELEMENTS. 



The most important reactions for many of the rarer 
elements are given here. The arrangement is that 
adopted in the fourth section, those elements being 
placed together which are precipitated in the same 
analytical group: the groups, however, are ar- 
ranged in the order in which they occur in the 
general table. A scheme for the detection of these 
elements follows, showing in which group they are 
precipitated in the general table, and by what reactions 
they will be most readily found. 



GROUP L— SILVER GROUP. 

This group includes Tl and W : the former is partially precip- 
itated as chloride by HC1, the latter completely as tungstic 
acid. Thallium is only partially precipitated in Group I., since 
its chloride is not quite insoluble in water : it therefore belongs 
also to Group III.b, being completely precipitated by An^S. 



Thallium (Tl).— Use TljSO, solution. 

489. Tl occurs in small quantity in many natural sulphides, 
often also in the ashes of plants and in mineral waters. Tl 
yields both thalltc and th&Mwus salts, but the former are very 
unstable, changing even when their solutions are heated into 
thalliou* salts. 

1. HCl : a white precipitate, which rapidly settles, does not 
blacken in the light, and is soluble in aqua regia. It is soluble 
in a large quantity of water, and therefore does not form in di- 
lute solutions. 

2. KI: a yellow precipitate; almost insoluble in water, more 
soluble in Kl solution. In a solution containing Fe, any fer- 
ric salt present must first be reduced by H.jSOj before adding 

Jvl. 

3. PtCl A : orange red precipitate, slightly soluble in water. 

4. Arrufi: black precipitate, which is easily coagulated by 
heat, is insoluble in AraHO, in alkaline sulphides and in KCy ; 

26* 
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it is readily oxidized by the air to T1,S0 4 , and is easily soluble 
in mineral acids. Tl is completely precipitated by H^S from a 
solution in which HA is the only free acid present, but free 
mineral acids prevent the precipitation entirely. 

5. Flame coloration. — Thallium compounds impart to the 
Bunsen flame an intense green color, which, however, rapidly 
disappears. The spectrum (p. 66) is very characteristic, con- 
sisting of one bright emerald green line. Thallium may be 
easily detected by the spectroscope in solution, or, better, in any 
of its precipitates mentioned above. 



Tungstates. — Use Na,W0 4 solution. 

480. W usually occurs in the form of a tungstate. The in- 
soluble tungstates yield soluble alkaline tungstates on being 
fused with alkaline carbonates. From the solution of an al- 
kaline tungstate HC1 precipitates the tungstic acid entirely. 

1. BCl, HNO s orH^O^: white precipitate (H,W0 4 ), be- 
coming yellow on boiling : insoluble in excess of acid, but solu- 
ble in AmHO. A piece of Zn dropped into the acid liquid 
containing the precipitate yields a deep blue color. 

2. SnCl? in neutral solution, made by dissolving SnCl, crystals 
in water and filtering : yellow precipitate, becoming blue on ad- 
dition of HC1 and heating. 

3. AnijS: yields no precipitate in the solution of an alkaline 
tungstate ; but if, after adding Am-S, the liquid is made acid 
with HC1, brown WS, is precipitated. 

4. Aficrocosmic bead : outer flame, colorless or yellow ; inner 
flame, blue ; if a little FeS0 4 is fused into the bead the color 
changes to blood red. These colors are best seen when the bead 
is perfectly cold. 



GROUP II.a.— COPPER GROUP. 

In this group are included Pd (Os, Rh, Ru): they are pre- 
cipitated as sulphides by H^S irom acid solutions, and the sul- 
phides are insoluble in AnijS and in caustic alkali solution. 



Palladium (Pd).— -Use PdCl, solution. 

481. Pd occurs as a metal in native platinum, also in fold 
and silver. Palladium solutions are reddish brown, or yellow 
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if dilute; addition of water precipitates a basic salt unless 
sufficient free acid is present to prevent it. 

1. HjS: black precipitate, in neutral, alkaline and acid solu- 
tions, insoluble in AmJS, but soluble in boiling HC1 or in aqua 
regia. 

2. AmHO: flesh-colored precipitate (PdCl,.2NH 8 ) ; soluble 
in excess of AmHO to a colorless liquid, from which HCl pre- 
cipitates yellow crystalline paladammonium chloride (N.PL- 
Pd"Cl,). 

3. HgOy t : yellowish white gelatinous precipitate (PdCy 2 ), 
slightly soluble in HC1, easily soluble in AmHO. This is a 
very characteristic reaction. 

4. KI: black precipitate (Pdl,) : very characteristic of Pd. 



GROUP ILb— ARSENIC GROUP. 
In this group are included Mo, Se, Te (Ir). 



Molybdates (Mo).— Use Am a Mo0 4 solution. 

482. Mo occurs as molybdate ; also as sulphide, which may 
be readily converted into MoO a by ignition in the air or by 
heating it with HNO s . Unignited MoO s dissolves in acids ; 
ignited MoO, is insoluble in acids, but easily soluble in alkalis. 

1. HCl, HNO z , or BfSO^ if added in small quantity to an 
aqueous solution of a molybdate, yields a precipitate which is 
readily soluble in excess of the acid. 

2. H t S, added in very small quantity to the acidified solution, 
gives a blue liquid ; if it is added in larger quantities, a brown 
precipitate (MoS s ) forms ; the precipitation becomes complete, 
only when the solution is heated and HjS is passed for some 
time : the precipitate is soluble in solutions of alkaline sulphides 
and hydrates, from which it is reprecipitated when acid is added 
in excess. 

3. ZnorSnd^ if added to the solution of a molybdate in HOI, 
colors it brown, green or blue, according to its state of concen- 
tration. 

4. KtyS, if added to a solution acidified with HCl, gives no 
coloration, but on dropping in a piece of Zn a beautiful crimson 
color is produced, which, when the liquid is shaken with ether, 
is taken up by the ether. 

5. Na^HPO^ if added in very small quantity to the solution 
of a molybdate acidified with HNO„ gives, on gently warming 
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the liquid, a yellow precipitate readily soluble in excess of 
alkali hydrate solution. 

6. Borax bead : outer flame, yellow ; inner, dark brown. 

7. Microcosmic bead: outer and inner flames, green. 



Selenium (Se). 
483. Be occurs in metallic selenides of Pb, Fe, Cu, Ag. 

Selenides. — Use FeSe. 

1. A selenide when heated in an open tube evolves a smell 
of decaying horse-radish, and produces a grey or red sublimate 
of Be : the smell is very characteristic. 

Selenites. — Use KjSeO, (see 6, below). 

2. HJ3 gives in acid solutions, if cold a yellow, if hot a red- 
dish yellow precipitate : soluble in Am,S. 

3. BaCL gives in neutral solutions a white precipitate: sol- 
uble in HCl and in HNO s . 

4. SnCl 7 or UjSO z gives in the presence of free HC1 a red, or 
in warm solutions a grey precipitate of Se. 

5. Cu in a hot^HCl solution becomes covered with a black 
film : the liquid on standing with the Cu for some time becomes 
colored red with Be. 

Selenates. — Use K^Se0 4 . 

6. HCl produces no change in the cold : but on boiling, CI 
is given off and the selenate is reduced to selenite, to which the 
above tests may be applied. 

7. BaCL: a white precipitate (BaSe0 4 ); insoluble in cold 
HCl, dissolved by boiling with HCl with evolution of CI and 
reduction to BaSeO s . 

Selenium in any form of combination. 

8. Heated on charcoal in the inner blowpipe flame, a smell of 
rotten horse-radish is perceived. 

9. Fused on charcoal with Na,CO s in the inner blowpipe 
flame a fused mass is obtained, which when moistened on Ag 
yields a black stain, and on addition of HCl evolves H£e, a 
badly-smelling gas. 



Tellurium (Te). 

494. Te commonly occurs united with the metals Au, Ag, 
Bi, Cu, Pb. 

Thllurides.— Use PbTe. 

1. A telluride when heated in an open glass tube gives white 
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fumes and a sublimate which differs from that given by Sb, by 
being fusible before the blowpipe. 

Tellurites.— Use K,TeO s (see 5, below). 

2. H t O: on dilution with water tellurous acid is precipitated 
from the acid solution. 

3. HfS: in acid solutions a brown precipitate (TeS,); easily 
soluble in Arn^S. 

4. HJSOto Sn Ch or Zn precipitates black Te. 

Tsllurates.— Use KeTeO<. 

5. HOI produces no change in the cold solution of a tell urate ; 
but on boiling, CI is evolved and the tellurate is reduced to tel- 
lurite ; the solution then gives the above reactions. 

Tellurium in any form of combination. 

6. A tellurium compound, if fused with Na-CO. on charcoal 
in the inner blowpipe flame, gives sodium telluride, a solution 
of which gives a black stain on Ag, and when it is acidified de- 
posits black Te and evolves H t Te. 



GROUP III.— IKON AND ZINC GROUPS. 

In this group are included U, In, Ti, Be, Tl, [V], (Zr, Ce, Ta, 
Nb, La, Di, Y, E, Th). 

Tl is often partially precipitated as chloride in Group I., and 
its reactions are given under that group. V is not precipi- 
tated by AmjS, unless acid is added in excess after Am,S. 



Uranium (U).— Use (UO^NO.),. 

485. U occurs in nature principally as pitchblende, an oxide ; 
also as uranite, a hydrated uranium calcium phosphate ; and 
chalcolite, hydrated uranium copper phosphate. 

1. AmHO, KHO, or NaHO : yellow precipitate, insoluble in 
excess. 

2. Arn^S gives in neutral solutions a dingy yellow or brown 
precipitate of uranium oxysulphide, which differs from ZnS, 
Mns and FeS by being soluble in Arn^CO,. The precipitate 
settles slowly unless AmCl is added ; it is soluble in acids, even 
in HA : on being heated with Am^ in excess it is changed into 
uranous oxide and sulphur. 

8. H^S produces no precipitate in acid solutions. 

4. AmfiOi, KHCO if or NaHCO^: yellow precipitate, easily 
soluble in excess ; from this solution the uranium is reprecipi- 
tated by addition of NaHO or KHO, or by boiling, differing 
thus from Fe. 
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5. K i FeOy 9 gives in acid solutions a reddish brown precipi- 
tate, which is distinguished from the similar one produced in 
a copper solution by dissolving in excess of AmHO to a yellow 
fluid. 

6. BaCO t causes complete precipitation even in the cold. 

7. Zn changes the yellow color of acid solutions to green, 

8. Borax and microcosmie beads: outer flame, yellow; inner 
flame, green. 

Indium (In). — Use In^SOJ,. 

496. Occurs in zinc blende and in wolfram. 

1. Alkali hydrates precipitate a hydrate resembling Al,H c Of, 
insoluble in excess. Indium solutions are also precipitated by 
alkaline carbonates, by Na,HP0 4 , by boiling their neutral so- 
lutions with excess of NaA, by BaCO„ and by alkaline 
oxalates. 

2. H t S gives no precipitate in strong and acidified solutions; 
in dilute and feebly acid solutions a little sulphide separates ; 
in a solution containing no free acid but HA the metal is en- 
tirely precipitated as yellow sulphide : the precipitate is insolu- 
ble in cold, but soluble in boiling Arn^S ; from the boiling solu- 
tion white sulphide separates on cooling. 

3. Am 7 S, added after H 2 T and excess of AmHO, gives a 
white precipitate, becoming yellow on treatment with HA. 

4. Flame coloration: bluish violet. The spectrum shows a 
very characteristic blue line, which is brilliant, but very rapidly 
disappears when the chloride is employed : see page 66. 



Beryllium (Be). — Use Be^SOJ,. 

487. Be occurs as silicate in phenakite, and as silicate with 
Al. silicate in beryl and emerald. 




precii 
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tated from its solution in KHO by dilution and long boiling, 
and by being soluble when freshly precipitated if it is long 
boiled with AmCl solution. 

2. Alkaline carbonates precipitate a carbonate which is solu- 
ble in excess, especially in Am.CO s ; from these solutions the 
carbonate is reprecipitated on diluting and boiling for some 
time, and with especial ease from the Am t CO s solution, differ- 
ing thus from Al. 

3. BaCOj, precipitates Be solutions completely. 

4. ff 7 C 7 O i and alkaline oxalates produce no precipitate. 

5. Moistened with Co(NO,) t solution and heated on charcoal 
in the outer blowpipe flame, a grey mass is obtained, difference 
from Al. 
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Titanium (Ti).— Use TiO,. 

498. Ti occurs as TiO„ with traces of Fe, Mn, Cr, in rutile, 
anatase and brookite : also as Ti0 3 in combination with Fe in 
titaniferous iron ore. 

1. Ignited TiO, is insoluble in water and in most acids : it is 
easily soluble in HF, less readily in boiling strong H 2 S0 4 : it is 
also rendered soluble in cold water by fusion with KHS0 4 . 
TiOj differs from Si0 2 in not being volatilized when heated in 
a platinum dish with UF and strong H,S0 4 . 

2. By dilution and long boiling, white flocculent hydrate Ti0 2 
is precipitated from solutions in H,S0 4 or HC1, and from the 
aqueous solution of the fusion with KHS0 4 : the precipitate is 
m eta titanic acid : it cannot be filtered off unless an acid or 
AmCl is added. 

3. AmUO, KHO, NaHO, AmJS, or BaCO Zi white flocculent 
precipitate, insoluble in excess : if precipitated and washed in 
the cold, it dissolves in HC1 and in dilute HjSOj. 

4. Zn or Sn gives in acid solutions a blue, or if dilute, a 
rose-red coloration. 

5. Na^S t O it on boiling, precipitates Ti solution entirely, dif- 
ference from Fe. 

6. Microcosmic bead : in the outer flame yellow while hot, 
colorless when cold ; in the inner flame yellow while hot, violet 
when cold. 

The production of these colors is much aided by adding a 
fragment of Sn. Addition of a small quantity of FeS0 4 gives 
in the inner flame a blood-red bead. 



Vanadium (V).— Use Na.VO s . 

489. V occurs in vanadinite [3Pb s (P0 4 ),.PbClJ, and in cer- 
tain Fe and Cu ores. Vanadium is known in several stages of 
oxidation ; it will usually occur in analysis as vanadic acid or 
a vanadate, which in acid solution is of a yellow or reddish 
color. 

1. H t S, fffSO st orff t C 2 O i reduces acid solutions of a vana- 
date, and causes the color of the solution to change to blue : 
with HgS a deposit of sulphur also forms. 

2. Am^S, if added in excess, gives a brown liquid, in which 
an excess of acid causes a brown precipitate of V^Ss; excess of 
Am^S dissolves this to a reddish brown liquid. 

3. Zn gives in a very dilute solution acidified with H,S0 4 , when 
gently warmed, a blue color, which changes into green and then 
lavender blue. 

4. Solid AmCl, added until the solution is saturated, precipi- 
tates Am s V0 4 , which is insoluble in saturated AmCl solution. 
This is a very characteristic reaction. 
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5. 2f 2 t when shaken up with an acid solution imparts a red 
color, which is not removed by shaking with ether. This is a 
very delicate test. 

6. Borax bead : in outer flame colorless, or yellow if much V 
is present ; in inner flame, green hot and cold, or if much V is 
present, brown hot and green cold. 



GROUP V.— POTASSIUM GROUP. 
In this group are included Li, Gs, Rb. 



Lithium (Li). — Use LiCl. 

600. Li occurs frequently in mineral waters and in the ashes 
of plants, also in small quantities in the minerals lepidolite, 
triphane and petallite. 

It is allied to the metals of the barium group by the diffi- 
cult solubility of its carbonate and phosphate; and it diners 
from K and NH 4 by not being precipitated by PtCL or by 
H a T: from Na it is readily distinguished by the flame coloration 
and spectroscope. 

LiCl is separated from KOI and NaCl by its insolubility in a 
mixture of absolute alcohol and ether. 

1. Na 1 HPO i added to the solution, which must not be too 
dilute and must be strongly alkaline with NaHO, gives, on 
boiling, a white crystalline precipitate (Li 3 P0 4 ) which quickly 
settles. Traces of Li may be precipitated by adding Na,HP0 4 , 
then NaHO until the liquid remains alkaline, evaporating to 
dryness and washing the residue with dilute Am HO. 

This precipitate differs from the phosphates of Ba, Sr, Ca and 
Mg by fusing in the blowpipe flame and beingj absorbed by the 
charcoal support, also by its diluted solution in HC1 giving no 
precipitate on addition of AmHO in excess in the cold, but a 
white crystalline precipitate on boiling. 

2. Flame coloration : this is carmine red ; the spectrum (page 
66) consists of an intense carmine red line («). This colora- 
tion is concealed by that of Na, which, however, does not 
interfere with the spectrum. 

The Na coloration is also removed if the flame is viewed 
through the indigo prism, whereas that of Li can pass through 
the thinner parts of the prism ; it diners from the K colora- 
tion, however, in being unable to penetrate the thick layers 
of indigo solution or in being much weakened by its pas* 
sage. 
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As silicate, Li only gives the flame coloration after fusion 
with CaS0 4 ; the phosphate requires to be first moistened with 
HOI. 



Eubidum (Eb), Oesium (Ob). — Use RbCl and CsCL 

601. These metals occur in small quantities in some mineral 
waters and in a few minerals. 

1. Their compounds resemble those of K by being precip- 
itated by PtCl 4 and by H,T, and by giving a similar flame color- 
ation. Characteristic differences are the much greater insolu- 
bility in water of the platino-chlorides, which enables the 
K,PtCl« to be dissolved away from Rb 2 PtCl« and CsaPtCle by 
boiling the precipitate with successive small quantities of 
water : the alums also show a similar difference in solubility 
in cold water. 

2. Cs and Rb are readily distinguished from one another and 
from other elements by their spectra ; see page 66. For Os the 
blue lines (a, ft) are especially distinct and characteristic : in the 
Rb spectrum the indigo blue lines (a, ft) are very distinct, but 
the red lines (y, <J) are most characteristic. For the spectroscopic 
test the chlorides are most suitable. 



27 
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502- General Group Table for 



Group I.— Reagent HOI. 



The group pp. may contain, in addition 
to AgCl, HfhClf, PbGV'— 
TICl (white). 
H t WO A ( " ). 

TICl will usually be readily detected 
by a spectroscopic examination of 
the group pp. Jt may be removed 
from the group pp. by boiling 
with a little water, and pp*- from 
the cold filtrate by KI (l»b is also 
thus pp*.) : the pp. is yellow, and 
gives the thallium spectrum. 

flj W0 4 : a white pp., becoming yellow 
on boiling. Its presence is con- 
firmed by dropping a piece of Zn 
into a portion of the acid liquid and 
pp., when a deep bine color will be 
obtained. 

Also by fusion of the pp. in a 
microcosmic bead, which will be 
colorle** or yellow in the outer 
flame, blue (or with FeSo 4> blood- 
red) in the inner flame. 






Group II.— Reagent HjS. 



Insoluble in 
AmjS. 



The group pp. may contain a* raipAufe*, w 
aildiUon to Hg, Pb, fii, On, Od:— 

Pd (black brown) 

77 {bUick ; pp*- with Ai&} 

[CM, 1th, llur\* 

Ami in addition to SnS, SnS* Bb& A&, 
AutStoPtti*:— 
[Ir sulphide]* 1 

Mo " (fawn) I Soluble in 

Se " (red-yellow) f Au*b. 

Te " [black) J 

The yellow color of a solution containing V 
is changed to blue by HjS. 



} 



Tl is readily found by the spectroscope in the 
group pp. 

Pd will remain in solution in excess of Am HO 
with Cd and Cu in Table II. a : from this sol ui ion 
it is pp4- by adding HU : its presence may be 
further confirmed by the HgCy 4 or KI tests 

(400- 

The examination of the sulphides in Group II. b 
when the above elements may be present is best 
commenced by fusion with NagCOj atid XaNO* 
From the fused mass, water dissolves sodiunt- 
arsenate, -molybdate, -selenate, and tellurate, 
leaving SnOj, sodium-ant imonate, Au, Pt, and 
Ir undissolved ; the elements may then be de- 
tected by special tests. For the separation and 
detection of the platinum metal, a larger work 
must be consulted. 



* Only completely pp* if the liquid baa been 
warmed, and HjS passed for a long Ume. 



i 
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Precipitation or Rarer Elements. 



Group III.— Beageots AmCl, 
AmHO, and AmjS. 



Tke group pp. may contain 
as tulphide*, in addition to 
Fs, Z* t Mn, M, Co.— 

U (black-brwvn) 

In{ " " ) 

37 ( " " ) 
And a$ hydrate; in addition 
to Al, Cr {and phocphaies, 
<tc. :) — 

71 (while, floeculent). 
Be (colorU**. gelatinou*). 
[Zr « " .] 

[To, Nb, Ce, La, Di, T, E. 

Th.] 

1% and In will usually be 
readily detected by a spec- 
troscopic examination of the 
pp. 

11 may be first separated and 
detected by dissolving some 
of the group pp. in boiling 
dilute IIC'l, and reducing 
any Fo present in the solu- 
tion by HgSO* ; then pre- 
cipitating Tl by addition of 
K.I, and testing the pp. by 
the spectroscope. 

A more complete scheme for 
the analysis of this group 
pp. will be found in par. 
603. ' 



Precipitated from the 

filtrate from Group III. by 

excess of HC1. 



At sulphide* : — 

V (black). 

W (trace, brown). 

Ni (trace, black). 



This pp. is dried and then 
fused with a mixture of 
Na,(X> 3 and KNO,: on 
boiling the mass with 
water, NiO remains undis- 
solved ; it is filtered off, 
and its presence con- 
firmed by fusion in a 
borax bead. 

The aqueous solution may 
contain alkaline vanadate 
and tungstato. V is sepa- 
rated bv saturating the 
liquid with AmCl, and its 
presence confirmed in the 
pp. by the borax head 
and by dissolving the pp. 
in 11(1 and employing the 
reactions with H 3 0g and 
with Zn (4!KJ). 



The filtrate, 
tration, if 



after concen- 
neceesary, is 
acidified with 1IC1, and 
the presence of W con- 
firmed by the Zn reaction 
and the microcosmic 
bead (490). 



Group V. 



The filtrate after the separa- 
tion of all the group pre- 
cipitates may contain, be- 
sides Mg, K and k Na:— 

Lt,a, Mb. 



These metals are readily de 
tected by their very char- 
acteristic spectra (p. 66). 
LiCl may also be detected by 
its behaviour with Na s IlP0 4 . 

Before proceeding to the spec- 
troscopic examination, it is 
well to convert them into 
chlorides if they are not 
already in that form. 

If the chlorides are evaporated 
to dryness and extracted 
with absolute ether and 
alcohol, to which a few 
drops of HOI have been 
added, LiCl, BbCI, CsCl dis- 
solve, whilst the greater port 
of the KC1 and NaCI re- 
mains undissolved. 

The solution is evaporated to 
dryness, dissolved in a little 
HCI, and Rb and Cs are pp4- 
by Pt('l 4 : this pp. is boiled 
with small quantities of 
water until it no longer 
gives the K spectrum, the 
spectra of Rb and Cs will 
then be seen, if present. 
Li is found in the filtrate 
after adding PtCL*. 
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TABLE FOR ANALYSIS OF GROUP III. 



[608. 



These lines 
run across 
both pages. 



503. — Table for Analysis of Group III. Precipi- 
The precipitate may contain Fe, U, In, Tl, Al, Cr, Zn, 



After a preliminary spectroscopic examination has been made of a small portion of the 
the general table (502), the group pp. is dried and fused in platinum with KUS0 4 for 
long time with cold water : — 



1 



Rendu*: may con- 
tain Ta,0» NbjOfc 
also SiOj and traces 
of Fe and Cr wbicli 
hare escaped solu- 
tion. By fusion with 
KCIO. and NaHO, 
Cr and 8i are ren- 
dered solub!e in 
dilate NaHO ; from 
the residue in- 
soluble in NaHO, 
Ta,Oft and Nb,0 6 
may be removed by 
washing with dilute 
Na,CO, solution. 



Solution: Reduce Feby adding HgSOgin excess, dilute consider- 
covering the vessel, and by passing a stream of OOj unless it smells 



Pp may consist 
of TiOt, pos- 
sibly also traces 
of Zr. 

Confirm the pres- 
ence of TiO, 
by the micro- 
cosmic bead 
(498). 



FMtraie: add a few drops of strung HNO* 
and precipitate once more by adding excess 



Pp. may contain Fe, In, U, Cr, Al, Be, Ac. 



Pp. may contain Fe, 
large excess of HCI, 

Pp. may contain Fe, In, 
II, also traces of Al 
and Cr. 

It is dissolved in HCI, 
and NaHCO, is added 
in excess, whereby U 
alone is obtained in 
solution. 

In is found by the spec- 
troscope: 

Or by fusion with 
NajGOs and KCIO,. 



In, U, Ac Dissolve 
add BaCo* and let 



FUtr> te may contain 
Th. Bais pp*. by 
11,80* the liquid 
exactly neutralised 
of KjS0 4 are added 
allowed to stand for 
pp. is washed with 



Pp. may contain Zr. 
Th, Ce. 

Th and Ceare dis- 
solved away by 
boiling with dilate 
HCI, and are repp*- 
by AmHO. 



503.] 



FOR THE RARER ELEMENTS. 
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TATE, WHEN THE RABER ELEMENTS MAY BE PRESENT. 

Mn, Ni, Co, Ti, Be, [Zr, Ta, Nb, Ce, La, Di, Y, E, Th]. 



pp. for Tl and In, and Tl has been further tested for, if necessary, by KI, as directed in 
some time, the cold mass is then powdered and allowed to stand, with shaking, for a 



ably and boil for a long time, presenring the liquid from oxidation by the air by 
constantly of SOj : — 



concentrate by evaporation, and add AniHO in excess : filter, dissolve the pp. in HC1, 
ofAniHO:— 



Dissolve it in HO, and add excess of cold strong KHO solution :- 



in HC1, boil off any 
stand : 



Zr, Ce, La, Di, V, E, 
adding excess of 
is concentrated and 
with KHO. Crystals 
and the liquid is 
some hours. The 
KjS0 4 solution. 

Sol*- may contain 
Y, E, also Be. 

The solution is 
pp*« by AmHO. 
and Be dissolved 
away from it by 



Cr. Be: dilute and 
Al remains in solu- 



FUtrate may contain Al, 
boil for some time, filter, 
tion, and may be pp*- by adding HC1 just in 
excess, then AmHO in excess. 

Cr and Be are separated by fusion with NagCOg 
and KClOa, dissolving in water and ppt- ; Be 
by adding HNO, in excess, then AmHO in 



Filtrate may 

contain : — 
Zn, Mn, Ni, Co. 



27* 
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REACTIONS FOR CERTAIN ORGANIC 

SUBSTANCES. 



I. ORGANIC ACID RADICLES. 

The most important reactions are given here for the 
more commonly occurring acid radicles. 



Formates. — Use NaHCO,. 

504. The acid and the salts much resemble acetic acid and 
acetates. 

1. Fe,Cl^ imparts a deep red color to the solution of a formate ; 
the coloration is destroyed by the addition of HC1 : on boiling 
the red liquid basic ferric formate is precipitated, and the liquid 
becomes colorless if excess of formate was present, since all the 
Fe is precipitated. This reaction is precisely similar to that for 
an acetate (328). 

2. AgNO s or Hg t (NOJh solution, when heated with solution 
of a formate, in the absence of free acid and alkali, yields pre- 
cipitates of black Ag and Hg respectively. 

Solution of HgClj, when heated to about 70° with the solution 
of a formate, yields a white precipitate (Hg,Cl 2 ) if HC1 and alka- 
line chlorides are absent. 

3. Strong If i SO i when heated with a formate evolves CO gas, 
which burns with a blue flame. No charring or blackening 
occurs, and no evolution of CO,, as in the case of an oxalate 
(317). 

If a formate is distilled with dilute H,S0 4 , a distillate emit- 
ting the pungent smell of formic acid is obtained. 

4. When a solid formate is strongly heated it fuses and chars, 
and evolves a mixture of CO and CO,. 



Citrates.— Use Na,C 6 H 5 0r.2H,0. 

600. Citrates much resemble tartrates and oxalates in their 
reactions. Citrates differ, however, by emitting pungent acid 
fumes when they are carbonized by heat, and by darkening 
when they are heated with strong H,S0 4 , but only after the 
mixture has been heated for some time and inflammable gases 
have escaped. 

Further, calcium citrate is only precipitated after long Hand- 
ing or on boiling the liquid when large excess of lime-water or 
Am HO, AmCl and CaCl, have been added: the precipitate is 
insoluble in KHO. _ 

Citrates are not precipitated by solution of KA, 
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Succinates, Benzoates. — Use Am,C 4 H 4 4 and AmC T H 6 O r 

606. Succinic acid and succinates frequently smell of am- 
ber, while benzoic acid and benzoates commonly emit an aro- 
matic smell of gum benzoin. 

Succinates and benzoates closely resemble one another in 
their analytical reactions ; the following differences are, there- 
fore, important : 

Succinic acid is readily soluble in water : benzoic acid is only 
slightly soluble in cold water, and is, therefore, partially precip- 
itated from its solution in alcohol on the addition of water, or 
when strong HC1 or any other strong acid is added to its aque- 
ous solution. 

Both acids when heated emit fumes which are very irritating 
to the throat, and which cause coughing when inhaled. 

The addition of BaCI, solution and much alcohol precipitates 
succinates, but not benzoates. A similar difference is shown 
with CaCl,. 

Fe,Cl 6 gives a reddish brown precipitate with a succinate, and 
a pale brown or buff precipitate with a benzoate. 

Tannates, Gallates.— Use the acids, CuH 10 O» and CtH,Os. 

507. These acids resemble one another in yielding bluish 
black precipitates with Fe^Clg solution. Tannic acid may be 
distinguished by yielding a flocculent precipitate with solution 
of gelatin or isinglass. 

Urates. — Use the acid CsH 4 N 4 O s , or AmC5H 3 N 4 3 . 

608. HNO s dissolves the acid with effervescence : if this solu- 
tion is evaporated to dryness in a porcelain dish, and the resi- 
due is moistened with AmHO, bright purple murexide is formed. 

Salicylates. — Use the acid, CtH 6 Oj. 

509. Salicylic acid melts at 157°, and at a somewhat higher 
temperature decomposes into CO2 and phenol or carbolic acid 
(C 6 H 6 0), the change being rapid and complete if the acid is 
mixed with excess of quicklime before it is neated : the phenol 
condenses as a white crystalline sublimate. 

The solution of salicylic acid becomes violet on the addition 
of Fe,Cl 6 solution. 

Meconates. — Use the acid, C7H 4 7 . 

510. Meconic acid is present in opium, and may be detected 
in extracts of that substance by the production of a deep red 
coloration on the addition of Fe,Cl 6 . 

This coloration differs from that caused by an acetate or a 
formate by not disappearing when the liquid is boiled, and may 
be distinguished from ferric sulphocyanide by its color not 
being destroyed when the liquid is dropped into solution of 
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II. ALKALOIDS. 

Most alkaloids resemble metals, or rather NH S , in their 
behavior with acids, and may therefore be looked upon 
as basic. 



Cinchonine, Quinine. — Use cinchonine sulphate and 

2C»H,4N,.0,.H,S0 4 .7H,0. 

011. In dissolving quinine sulphate in water a few drops of 
dilute H^SOj should be added. It is intensely bitter and gives 
a pale blue fluorescence : pure solution of cinchonine sulphate is 
not fluorescent. 

1. Solution of alkaline hydroxide or carbonate precipitates 
hydrated quinine from fairly strong solutions of a quinine salt ; 
this precipitate disappears when the liquid is shaken with ether. 

The corresponding cinchonine precipitate is not thus dissolved 
by ether. 

2. Br- or Cl-water does not color a solution of quinine, but if 
AmHO is afterwards added, an intense emerald green color 
appears. 

Cinchonine solution under these conditions yields a yellowish 
white precipitate. 

3. If Br- or Cl-water is added to a quinine solution, then 
K 4 FeCy 6 and one or two drops of KHO solution, a deep red tint 
is produced, which quickly changes to dirty brown : this color is 
destroyed by HA, but reappears when AmHO is cautiously 
added. 

4. Tannic acid solution yields in quinine solution a curdy 
precipitate, which is readily dissolved by HA. 



Morphine.— Use C,7H w N0 3 .HC1.3n,0. 

012. This alkaloid is present in opium and opium extracts : it 
is prepared from opium. 

1. KtCO it or KHCO Zi or one of the corresponding sodium 
salts, precipitates from fairly strong solutions Mo.2IIjO, which is 
insoluble in excess. KHO or AmHO yields the same precip- 
itate, soluble in excess of the reagent. 

2. Strong HNO^ produces a yellowish red color, which does 
not change to violet on the addition of SnCta Difference from 
brucine. 

3. Neutral Fe^ CI t solution, if added drop by drop to neutral 
morphine solution, produces a dark blue color: this disappears 
on tne addition of an acid. 

From iodic acid morphine and its salts separate iodine : this is 
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shown by the liquid becoming brown, but the iodine is more 
certainly and readily detected by adding starch solution, or by 
shaking the liquid with CS S (268) ; the brown coloration of the 
solution becomes more intense on the addition of AmHO. 

The test is very delicate and characteristic if the solid sub- 
stance is moistened with a solution of one part of iodic acid in 
fifteen of water, and solution of one part of starch in four hun- 
dred of water is added : on pouring very dilute AmHO upon 
the blue solution thus obtained a colored ring is seen at the 
surface of contact of the solutions, which is blue below and brown 
above. 

This reaction serves to distinguish morphine from other 
organic substances containing nitrogen. 

5. HjS0 4 gives no color when added to a solution containing 
morphine, but on dropping a crystal of K,Cr 2 0, into the acid 
liquid contained in a white porcelain dish, and slowly moving 
the crystal about with a glass rod, an intense green color ap- 
pears. 

6. If solid morphine or any of its compounds is dissolved by 
heating it with a few drops of strong H^SO, for fifteen minutes 
upon the water bath, and a little HjSO* containing HNO s (see 
below) is added to this solution, a violet red color appears : on 
dropping in a fragment of MnO, it becomes surrounded by an 
intense mahogany red coloration. 

The acid mentioned above is prepared by mixing six drops of 
HNO s of 1'25 sp. gr. with 100 c.c. of water, adding ten drops of 
this mixture to 20 grams of pure strong H a S0 4 , and mixing 
twenty drops of this solution with two or three drops of water 
before adding them to the morphine solution. 



Strychnine. — Use C«H w N 2 2 . 

013. In dissolving strychnine in water a drop of dilute 
HgSO* should be added. The solutions are very poisonous : 
they possess an intensely bitter taste even when they are ex- 
tremely dilute. 

1. Strychnine dissolves in strong H,S0 4 to a colorless liquid : 
on adding a fragment of K,Cr,07 to this solution in a porcelain 
dish and slowly moving the bichromate about by pushing it 
with a glass rod, a bluish violet coloration is produced, which 
gradually changes to red or yellow. 

The presence of morphia, or of metallic chlorides or nitrates, 
interferes with this reaction : if any of these should be present, 
the strychnine maybe precipitated by the addition of K^Fc,Cyi a 
or of KjCr0 4 solution, filtered off and slightly washed on the 
filter, and then stirred with the strong H,»0 4 . 

2. Cold strong HN0 3 dissolves strychnine without becoming 
colored, but the solution acquires a yellow tint when it is 
heated. 
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Naecotine. — Use C^H^NO?, or its sulphate. 

014. Narcotine is present in opium, but is not extracted by 
the processes usually employed. 

1. Strong H i SO i gives a bluish violet coloration changing to 
orange, but in some specimens a yellow solution is produced 
at once. 

When this liquid is gradually warmed it becomes first orange 
red and then bluish violet, or purple stripes proceed from the 
edge of the liquid surface : on cooling, the color changes to 
cherry red. If the heating is pushed to the initial evaporation 
of the acid, an intense reddish violet color is produced. 

2. If narcotine is subjected to reaction (512,6) for morphine, 
an intense red coloration is produced on the addition of the 
acid reagent, and this does not alter when MnO, is dropped 
in. 



Brucine. — Use C a H M N,0 4 , or its sulphate. 

SIS. The substance is most readily dissolved in water when a 
drop of HaS0 4 is added. 

1. Strong HNO^ yields an intensely red coloration, which 
gradually changes to yellowish red and yellow when the liquid 
is heated: when SnCl, is added to the hot solution it becomes 
intensely violet. Difference from morphine. 

2. With strong H^SO^ a rose-colored solution is obtained, 
which changes to yellow. On adding the acid reagent de- 
scribed in 512, 6, the liquid becomes red, but quickly changes 
to yellow. 



II. CERTAIN OTHER ORGANIC SUBSTANCES. 



Alcohol, or Ethyl Alcohol. — Use weak spirit. 

818. Pure ethyl alcohol boils at 78°*4 under 760 mm. mercury 
pressure, and has a specific gravity of 0*7938 at 15°*5. It burns 
with a pale blue smokeless flame. 

If the alcohol is very dilute, it may be necessary to add 
Na ? C0 3 in excess to the liquid, and distil over about one-third 
of it : the alcohol is thus concentrated and is the more readily 
detected by Tests 1 and 2. 

1. If Na,CO s solution is added to water containing a little al- 
cohol, and the mixture is digested for some time at a gentle heat, 
occasionally dropping in small pieces of iodine until the solu- 
tion retains a brown color, golden yellow crystals of iodoform will 
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separate after several hours : if very little alcohol is present, ten 
or twelve hours may be necessary for the formation of these 
crystals. 

When examined under the microscope, the crystals are seen 
to be hexagonal tablets or six-pointed stars. 

This reaction is yielded by other substances besides ethyl 
alcohol, and is therefore not distinctive. 

2. Alcohol may be converted into HA by heating it for some 
time with K 2 Cr a Oj and H,S0 4 . Aldehyde will be smelt first 
and then acetic acid. If the smell of the acid is not distinctly 
perceptible, the liquid may be distilled and the first portion of 
the distillate neutralized with Na,CO,: this solution is then 
evaporated to dryness and the solid residue is tested for an 
acetate (326-328). 

Acetic acid may result from the oxidation of other substances 
besides alcohol. 



Starch. — Use potato or rice starch in powder, (C^HioOs)*. 

017. Starch is insoluble in cold water, but passes into a trans- 
parent liquid when it is boiled with water ; this liquid becomes 
gelatinous on cooling, if much starch is present 

1. Starch granules may be identified by their appearance 
when examined by a quarter-inch object-glass under the micro- 
scope r viewed as transparent objects, they appear round or 
oval, with more or less concentric dark rings. Many kinds of 
starch granules show a cross when examined by polarized light. 

These appearances are not visible in starch which has been 
exposed to heat. 

2. If starch is boiled with water, the solution when cold 
assumes an intensely bluish black color on the addition of a 
drop of solution of iodine : this color disappears when the liquid 
is heated, but frequently reappears when it is cooled. 



Grape Sugar or Glucose. — Use (C 6 Hu0 6 )«. 

018. Glucose is distinguished from other sugars by yield- 
ing only a yellow solution with strong H,S0 4 in the presence 
of a little water if the mixture is kept cool : other sugars be- 
come black by charring. 

Glucose when warmed with strong KHO solution becomes 
brown, while other sugars remain uncolored. 

1. If a few drops of CuS0 4 solution are mixed with glucose 
solution and excess of KHO is then added, no precipitate is 
formed, but when the liquid is boiled, red Cu,0 is precipitated. 

8. If clean, freshly- washed yeast is added to glucose solution, 
and the liquid is kept at a temperature of about 25° for an 
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hour or more in the flask shown in Fig. 44 (page 138), fermenta- 
tion will take place with the production of ethyl alcohol and 
carbon dioxide gas. 

The escaping gas may be detected by letting it bubble through 
lime-water (229, 4), and ethyl alcohol may be found in the 
liquid which remains in the flask by the reactions given in 
paragraph 516. 



Urea.— Use CH 4 N a O. 

019. Urea resembles the alkaloids in directly combining with 
acids to produce salts. 

1. Strong HNO^ y if added to solution of urea, causes the 
separation of the crystalline nitrate: under the microscope 
these crystals are seen to be delicate rhomboidal scales. 

2. KHO when heated with urea solution slowly evolves NBL 
and yields K 2 CO s , which effervesces on the addition of an acid. 

3. Hg{N0Jh yields a white precipitate in urea solution. 



Albumen. — Use white of egg. 

020. Solution of albumen is readily obtained by stirring or 
shaking the fresh, unboiled white of egg with water and strain- 
ing the solution through linen or allowing it to settle. 

1. Albumen is readily coagulated and precipitated as white 
flocks from its solution in water either by boiling the solution 
or by adding it to strong HNO. or solution of Hg01 t . Solu- 
tion of CuS0 4 , alum, or of other salts precipitates albumen 
from its solution less completely than HgCl, does 



SECTION vn. 



LABORATORY FITTINGS, APPARATUS, CHEM- 

ICALS AND REAGENTS. 



In this section such directions are given as have been found 
by experience to be of value in fitting and furnishing a labora- 
tory and in maintaining it in working order. 



Laboratory Fittings. 

530. The building, fitting, heating and ventilation of 
a chemical laboratory are matters of prime importance in 
securing the comfort, health and convenience of the lab- 
oratory student, and in recent years very considerable 
advances have been made in these matters. For detailed 
information on these subjects, reference should be made 
to papers by E. C. Robins, which are published in the 
Transactions of the Institute of British Architects for the 
years 1882-3 and 188:1-4. 

With regard to the building, it must suffice to state 
here that the main points requiring attention are that the 
internal air space, ventilation and window lighting, both 
from the top and sides, should be secured on as ample a 
scale as possible. The inner surface of the walls should 
either be of glazed brick, which can be easily cleaned when 
necessary, or the rough brick or plaster surface should be 
covered with lime wash or distemper, which can be fre- 
quently and cheaply renewed. 

Around the walls, in the spaces between the windows, 
there should be large and small recesses, each of which is 
lined with white glazed tiles, has a glazed hood above and 
28 313 
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is closed with a sliding sash in front : it is provided at 
the top with an outlet, through which a strong draught 
is caused. These draught cupboards should be provided 
with several gas supplies for Bunsen burners, the taps 
being on the outside of the cupboard : they should also 
be furnished with a gas-jet for lighting the interior when 
necessary. The bottom of the cupboard may be covered 
with sheet-lead, and provided with a small grid, through 
which liquids escape into a drain-pipe. Some, at least, 
of these cupboards should also be provided with a water 
supply pipe. A strip of India-rubber draught-excluder 
fixed along the top of the inner frame, and lightly touch- 
ing the glass, prevents the escape of fumes when the sash 
is partly opened. 

One or more of the larger draught cupboards will be 
reserved for the sulphuretted hydrogen apparatus (534) : 
it will be found well to provide such a cupboard with 
small doors, through which the gas may be utilized, so as 
to prevent it from escaping in large quantity into the 
laboratory by opening the large sash. A frame containing 
pairs of little hinged glazed doors, each about six inches 
by eight, may be introduced beneath the sliding sash, 
and this enables a student to open as much of the cup- 
board as is absolutely necessary for introducing his solu- 
tion ; while the whole sash can be raised for cleans- 
ing or replenishing the sulphuretted hydrogen appa- 
ratus. 

One of the draught recesses is kept open for the steam 
ovens, small boiler and condenser which is described in 
535. 

Two or more deep box sinks covered with sheet-lead 
should be provided for general use ; these have large 
water-taps fixed above them at some distance from the 
back of the sink. It will be found convenient if each 
sink is Supplied with three taps, two of which deliver 
low-pressure water, hot and cold, and a third is con- 
nected with a high-pressure water service, upon which 
a fire-hose can be at once adapted. 

In the frontispiece illustration of this book a block of 
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four laboratory benches in the Nottingham University 
College is shown; two of these are presented to the 
observer, and are therefore visible in detail. It is con- 
venient to arrange the benches in this way, since it ena- 
bles the washing-sinks and water-taps to be placed at 
the end of the bench and yet to be accessible to each 
student: this prevents the surface of the bench from 
being wetted and soiled when apparatus is being washed. 

The sinks are of stoneware, with half-inch outlet pipes 
unprotected by grids : these pipes discharge into stone- 
ware pots, the overflow from which into the drain-pipes 
is through a curved stoneware tube near the top : solid 
matter passing down the sink-pipe settles in this trap- 
pot, and is got rid of by taking out the pots and empty- 
ing them into a pail every few weeks : floating paper or 
other light substances which may be carried into the 
main pipes are removed by flushing them occasionally 
with high-pressure water. Any stoppage in the straight 
sink-pipe is readily pushed through with a stout cane. 
Over each sink there are three low-pressure taps for 
washing and for supplying condensers, and two high- 
pressure taps for aspirators. 

Lead-covered sinks lessen the number of breakages 
caused by dropping apparatus while it is being washed ; 
but they are easily corroded by acids, and are less 
cleanly : a wooden grid laid on the bottom of a stoneware 
sink lessens the risk of breakage. 

* Each bench is provided with an aperture leading to a 
strong down draught, and into this aperture a copper 
hood can be fitted, which serves to carry away acid va- 
pors or badly-smelling gases. This aperture is stopped 
with a wooden plug when the hood is not in use, in 
order to improve the draught on other benches. Cop- 
per hoods, which are occasionally cleansed and painted 
with Brunswick black, answer well ; but fixed small 
earthenware hoods may be more convenient. A glazed 
draught hood extending along the top of the centre 
shelf rack of the bench has been found to answer well : 
all heating and evaporation of liquids is then carried 
out on a raised shelf under this hood. 
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The laboratory bench itself is made of stout American 
walnut wood, the whole of which is stopped and var- 
nished, with the exception of the working surface of the 
bench, which should be well saturated with oil and then 
rubbed up. This working surface is preserved by being 
occasionally thoroughly washed, dried and oiled. Less 
durable and expensive wood covered with sheet-lead 
has been found to serve well for a bench top. 

The bench may be 3 feet in height with a depth of 
25 inches ; and a gangway of 6 feet between the rows 
of benches is not too broad for convenience of passage. 

Two gas-taps are fixed on each bench for supplying 
Bunsen burners, and one lighting burner is provided at 
a convenient height for illuminating the bench at night. 
A space of seven inches between the reagent shelves will 
be found suitable for ordinary bottles. 

The working bench is supplied with two lockers, each 
of which has two drawers above it. In order to lessen 
the number of locks, which are liable to rust in the 
laboratory atmosphere, a flat iron bar is fastened upon 
a staple by a padlock in front of the two drawers and 
locker. By this arrangement of lockers two students 
are enabled to use the same bench at different times. 
Each locker should have a different key; but all the 
locks are under the control of master keys kept by the 
attendant and teachers. The drawers snould be about 
3 inches in depth, and are conveniently divided by wooden 
strips: a shelf in the locker should not extend more than 
half across, so as to leave standing-room for tall apparatus. 

Besides the ordinary working benches, there should be 
at least one long bench well supplied with gas and water- 
taps and with overflow pipe : this serves for making up 
solutions, for distillations and for other large operations. 
There should be a large bench made of a slate slab, and 
covered at a height of several feet with a metal hood, 
under which is a good draught outlet : this bench must 
be supplied with a half-inch gas-pipe and taps, and with 
water-taps and overflows : it serves to support water- 
baths, air-baths, combustion furnaces and gas furnaces 
of all kinds. 
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A blowpipe table, the top of which is edged round 
and is covered with sheet-lead or zinc, should be pro- 
vided ; this must be well supplied with gas-taps for gas 
blowpipes and luminous burners for bending glass ; and 
two or more Fletcher's bellows should stand beneath 
it. It is also well, if possible, to have a water-blowing 
apparatus near at hand to supply a blast to the blowpipes 
for long operations. 

Opening into the general laboratory there should be 
at least two separate apartments, one serving for stores 
of chemicals and apparatus and the other for a reference 
library and for delicate metal apparatus, such as chemi- 
cal balances, microscopes, spectroscopes and polariscopes. 
This apparatus, more especially the chemical balances, 
should stand on a broad shelf, which is at a convenient 
height for sitting ; the shelf is supported on iron brack- 
ets from the wall, so as to be secure against disturbance 
from the vibrations of the floor. The spectroscope and 
polariscope should have draw-curtains of black lining 
material, so arranged that when the instruments are in 
use light from outside may be pretty well excluded. A 
large central table should also be provided for use in 
writing and reading. Special low tables, with a raised 
flange for gas apparatus and other experiments involving 
the use of mercury, are necessary : and to provide against 
the loss of mercury spilt from these tables, it will be well 
to have the floor covered with linoleum. 



List of Bench Apparatus. 

Detailed description of apparatus is rendered unnecessary by 
the fully illustrated and descriptive price-lists now furnished 
by the apparatus sellers. 

531. A list of the apparatus which should be kept in 
each bench locker will be found facing page 1 : it is re- 
peated here, with details of dimensions and other matters. 
In Section I. of the book directions are given for prepar- 
ing and fitting apparatus. The Bunsen burner, with its 
india-rubber tube, may be left attached to the gas-tap on 
the bench ; all the other apparatus should be locked up 

28* 
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in the bench locker when not in use. Most of this ap- 
paratus is seen in the frontispiece illustration. 

1 Bunsen burner (1), about 5} inches in height, with i-inch 

tube, and means of closing the air-holes (1). 
1 Rose top to fit the burner. 
1 Fletcher's argand Bunsen burner, f inch size, is convenient 

for boiling the wash-bottle. 
1 Piece of red or black india-rubber tubing ft inch in internal 

diameter and 16 inches long, to supply gas to the burner. 
1 Test-tube stand with twelve noles, two ol which are at least 

1 inch across, and with no draining pegs. 

1 Test-tube brush (11), or a cleaner with flat india-rubber end. 
12 Test-tubes, 5 inches long, f inch in internal diameter. 

2 Boiling tubes, 6 inches long, 1 inch in internal diameter. 
2 Bound glass plates, ground on one side, 3 inches across. 

2 Berlin porcelain evaporating dishes with spouts, glazed in- 
side and out, and 3 inches in diameter. 

2 Watch glasses, 2 inches across. 

1 Conical flask of four ounces capacity. 

1 Wedgewood mortar, 4 inches across, pestle with wooden 

handle. 
1 Galvanized iron tripod stand, 7 inches in height, with round 

top 4 inches across ; these dimensions are suitable to the 

above burner. 
1 Square of coarse iron wire gauze, 5 inches in the side ; best 

with the corners clipped off. 
A square of asbestos millboard may be used instead of the 

gauze. 

3 Plain glass funnels, two of them 2} inches across, and one 2 

inches across. 

3 Beakers without lips, wide form, of 1, 2 and 3 ounces ca- 
pacity. 

3 Glass rods, round at the ends, 7, 6 and 3 inches in length. 

1 Piece of platinum foil, 1 inch by 1J inches. 

2 Pieces of mounted platinum wire (7), each 2 inches long and 

about as stout as an ordinary sewing needle. 
1 Blowpipe, Blacks japanned tin. 
1 Pipe-clay triangle, 2 inches along its sides. 
1 Wash-bottle (10), made by fitting a conical 18-ounce flask, 

which is at least 1 inch across the inside of the neck. 
1 Retort stand, upright rod 16 inches, foot 6 by 3 J inches, 

galvanized iron, with 3 rings of brass or gun-metal, the 

largest 3 inches across. 
1 Wooden filter stand (page 46), rod 12 inches high, two rings 

on one boss, each 2J inches across, foot 5 inches by 8 by J 

inch. 
1 Pair of polished brass crucible tongs, 6 inches long. 
1 Small horn spatula, 3} inches long. 
1 Wicker oval draining basket, 10 inches by 8, and 4 inches 

deep. Cut filter papers 4}, 3} and 2} inches across. 
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List op Special Apparatus for Section II. 

532. This apparatus need not be supplied to each stu- 
dent, but several sets should be kept in an accessible 
position in the laboratory, whence they may be fetched 
when required : this apparatus should never be kept in 
the bench lockers. An asterisk indicates that the appa- 
ratus is also required for chemical analysis. 

*1 Nest of the three or four of the smallest sizes of brass 

cork-borers. 
*1 Triangular file, without wooden handle. 
*1 Thin round file, without wooden handle. 

* Several lengths and pieces of hard glass tubing about | inch 

internal diameter. 
*1 Gross of ignition tubes 3 inches lone, J inch across. 

* Corks as free as possible from holes and cracks, sizes 

varying from I to J inch across. 
1 Small metal clamp in a boss which fits on the retort stand 

(see Figs. 15, 37, on pages 18 and 64). 
1 Stoppered bell-jar of 16 ounces capacity. 
4 Glass cylinders on feet, with ground edge at top (see fig. page 

20), 8 inches high, 1} inches across. 
4 Similar cylinders, 6 inches high, U inches across. 
1 Round brown stoneware trough, 12 inches across, 5 inches 

deep. 

1 Metal deflagrating spoon, with brass cap, 2 } inches across. 

2 Two-necked WoulnVs bottles of 8 ounces capacity. 
2 Two-necked WoulnVs bottles of 4 ounces capacity. 

1 Tubulated retort of 6 ounces capacity. 

2 Thistle funnels, 8 inches long. 

1 Clock glass, about 4 inches across. 

4 Pieces of red or black india-rubber tubing A inch in inter- 
nal diameter and 1£ inches long. 

* A good supply of wooden spills, or thin strips of wood. 

* A good supply of wax tapers, about 11 inches long. 
A small piece of thin candle. 

1 Tube (Fig. 20 a, page 26), 6 inches long, filled with small 

pieces of calcium chloride. 
4 Strips of sheet-lead, 6 inches long, J inch broad. 



List of Apparatus for General Use in Analysis. 

533. The following apparatus is kept in the laboratory 
for the general use of students w }j ^^ doing chemical 



320 APPARATUS FOR GENERAL USE. [688. 

analysis. One set will suffice for about twelve students. 
Each article should have its own place in the laboratory, 
and should be returned to it immediately after use, since 
it may be required by other students. Apparatus in 
532, which is marked with an asterisk, is also required 
for analysis. 

1 Spirit lamp, 4 ounces in capacity, with earthenware wick- 
holder and ground glass cap. 

1 Charcoal borer of conical form. 

4 Tin filter-dryers. 

4 Berlin porcelain crucibles, 1J inches across, with covers. 

1 Iron mortar 8 inches across, and pestle. 

1 Fletcher's foot-bellows, No. 5 ; and blowpipe table covered 
with sheet-zinc or lead. 

1 Fletcher's Bunsen burner, with central blast and two taps. 

1 Fletcher's solid flame burner; with tripod for boiling large 
dishes. 

1 Fletcher's injector furnace for strongly heating large cruci- 
bles. 

1 Microscope, with at least a 1-inch object-glass. 

1 Spectroscope, Bunsen 's table form. 

1 Spectroscope, direcfrvision, pocket form. 

1 Indigo prism, stoppered. This is nearly filled with solution 
of indigo in strong sulphuric acid, the dry stopper is in- 
serted into the dry neck and securely fastened down with 
fine copper wire : melted paraffin wax is then run over the 
stopper and neck. The indigo solution is made by mixing 
commercial sulphindigotic acid with about ten times its 
measure of strong sulphuric acid, letting settle for several 
days, and decanting into the prism. 

1 Agate mortar 3 inches across, and pestle, which is used 

for reducing to fine powder hard substances which have 
been already broken into minute fragments ; this must be 
done by trituration, and blows are on no account to be 
struck with the pestle. 

2 Small leaden cups, about 1} inches across and } inch deep 

(296). These are made by beating sheet-lead into shape. 

2 Copper water-baths, 5 inches across, with four diminishing 
rings. One large bath with several openings may replace 
these. The baths when in use should be about two-tnirds 
filled with water, and the flame is adjusted so that the 
water is kept just boiling. Evaporating basins placed on 
the bath cannot be heated above 100° (J. 

2 Pairs of conical flasks fitted as is shown in Fig. 41 (page 118). 

2 Tubulated flasks, 4 ounces in capacity, see Fig. 44 (page 138). 
A box of assorted pieces of wood charcoal, as free as possible 
from cracks and from bark. 



BDLPHURETTED HYDROGEN APPARATUS. 



Sulphuretted Hydrogen Apparatus. 

534. Sulphuretted hydrogen gas is constantly required 
by the analyst, aud should be readily obtainable at anv 
time is a constant stream : arrangement!) must be made 
for preventing this badly- smelling gas from polluting the 
atmosphere of the laboratory to any large extent. Both 
these objects, together with economy of materials, are 
better secured by the use of a large apparatus in common 
by many students than by the employment of a small 
private apparatus by each student. 



The gas is most readily obtained by the action of some- 
what diluted cold commercial hydrochloric acid upon 
fragments of ferrous sulphide. The apparatus in which 
the gas is prepared has assumed many forms ; the one 
figured in section and descrilied I»elow is recommended by 
its simplicity, efficiency and cheapness. 

Two large tubulated bottles (A and B), each of at least 
two quarts capacity, are fitted as is shown in Fig. 45, A 
and B being connected one to another by a piece of broad 
iudia-rubbertubing,andBoommunicatingwith the wash- 



322 SULPHURETTED HYDROGEN APPARATUS. [634. 



bottle (C) by narrow rubber tubing : the stoppers used 
should also be of rubber, as these are more durable and 
gas-tight than ordinary corks. The delivery tube (D) is 
connected with the washing-bottle by means of an india- 
rubber joint, which can be partially or entirely closed by 
means of a screw clamp (E). 

In charging the apparatus, B is laid on its side, and 
lumps of ferrous sulphide are introduced until the bottle 
is full : the washing-bottle (C) is then partly filled with 
water, and the three bottles are connected ; the clamp E 
having been closed, A is about half-filled with a mixture 
in equal measures of strong commercial hydrochloric 
acid and water. 

When the gas is required, A is raised on a suitable 
stand and the clamp E is gradually opened, until a reg- 
ular stream of bubbles passes through the water in C A 
part of the acid will run into B and evolve H*5 from the 
FeS, and the gas will be forced out by the pressure of the 
acid remaining in A. Before escaping through the tube 
D it is washed free from small drops of liquid containing 
HC1 and FeCl 2 by passing through the water in C. The 
levels of the liquids in the bottles while the gas is being 
produced are shown by the horizontal dotted lines. 

When the gas is no longer required, the screw clamp at 
E is gradually tightened, until the stream of bubbles 
through the water in C is arrested ; the gas accumulating 
in B will then force the acid out of B back into A, and 
if the glass tube at the bottom of B is bent as is shown 
in the figure, the acid will be almost completely expelled. 
This will cause the production of the gas to cease, but it 
will recommence immediately on opening the clamp E. 

During the hours of laboratory work A should remain 
raised on its stand, and the apparatus is then always 
ready for use : at other times A is placed down in the 
position represented in dotted outline in the figure. B 
should be permanently somewhat raised to facilitate the 
outflow of the acid when A is lowered. The escape of 
HjS dissolved in the acid is much lessened in amount by 
fitting a funnel containing water or glycerine in the 
stopper at the top of A. 
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When the acid is spent and no longer evolves the gas 
from the FeS, it is emptied away and replaced by fresh: 
lumps of FeS are also occasionally filled into B. 

The apparatus should stand in a closet, lined with 
glazed white tiles, and furnished with a good draught ; 
the bottom of the cupboard should be covered with 
sheet-lead and furnished with a drain-pipe for the spent 
acid, and a gas-jet should be provided for lighting it at 
night. This closet must not be used for any other pur- 
pose. Arrangements should be made for a large open- 
ing in front for recharging the apparatus, but a small 
door only should be used for introducing the solutions 
through which the gas has to be passed. If the front 
of the cupboard is opened by means of a glazed 
sliding sash, a frame containing pairs of glazed hinged 
doors, each about six inches by eight, may be introduced 
into the grooves beneath the sash ; these doors enable 
the apparatus to be used with the least possible opening 
of the closet. Such an apparatus should serve twelve 
or more students, according to circumstances. 

An apparatus for private use may be fitted as shown 
in Fig. 46. The larger bottle 
contains pieces of ferrous sulphide *""*■ *■ 

upon which HC1, diluted with an 
equal measure of water, is poured 
through the thistle-funnel: the gas 
passes through a little water in the 
smaller bottle, and thence into the 
solution to be saturated. The use 
of a small apparatus by each 
student in a large laboratory is 
not to be recommended, since it ; 
causes unnecessary waste of time 

and materials, and does not permit of satisfactory con- 
trol of the stream of gas which is evolved. 

Passing sulphuretted hydrogen. — Each student should 
keep a bent glass tube, D {Figs. 45, 46), which may be 
fitted upon the sulphuretted hydrogen apparatus, and 
serves to conduct the gas into a solution. When a 



324 DISTILLATION OF WATER [634. 

liquid is to be saturated with the gas, the end of this 
tube should be passed down to the bottom of the vessel 
containing the liquid, and a regular stream of gas is 
then caused to bubble through the liquid by gradually 
opening the clamp E (Fig. 45) or by introducing a suf- 
ficient quantity of acid into the larger bottle shown in 
Fig. 46. 

To avoid unnecessary waste of gas the liquid should 
be of sufficient depth to absorb much of the gas, and the 
bubbles should not pass too fast to be readily counted. 
The passage of the gas should be continued for four or 
five minutes if the quantity of metal to be precipitated 
is large, and the liquid must smell strongly of the gas 
after the air above it has been blown out. The tube 
D must be thoroughly cleansed immediately after use. 

It will be found convenient to keep a bottle of dis- 
tilled water saturated with HjS : this is prepared by 
passing a regular stream of the gas through water nearly 
filling the bottle, until on removing the bottle, closing 
its mouth tightly with the thumb and shaking it vio- 
lently, no suction is felt on the thumb, but rather an 
outward pressure. 

Distillation of Water: Steam Ovens. 

As has been already shown (25), water ordinarily 
contains certain solid substances dissolved in it, which ren- 
der it, in a chemical sense, impure ; such water is, there- 
fore, unfit to be employed for the processes of solution 
and washing precipitates, since any impurity thus intro- 
duced into a substance during analysis would be con- 
sidered, when detected, to have been present in the 
original substance. 

The quantity of these impurities present in any par- 
ticular water supply will depend upon the nature of the 
soil with which the water has been in contact before its 
collection. The water supplied in some districts 
will be found, when subjected to the tests given 
in Remark 41 (552), to be almost perfectly pure ; 
carefully collected rain-water will yield little or no 
indication of dissolved impurity : the water supplied 
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to the majority of laboratories will, however, be found 
to be unfit for analytical purposes until it has been freed 
from the solid substances dissolved in it by being sub- 
jected to the process of distillation. 

In most towns distilled water can be purchased, but 
it is preferable to distil all the water required for use 
either in the laboratory itself or in its immediate neigh- 
borhood. For this purpose the steam obtained from a 
steam-boiler or from a copper still heated by a furnace 
or gas-burner, or from the water-baths and steam ovens 
in the laboratory, is condensed by a block tin worm-pipe 
immersed in a tub through which a constant stream of 
cold water runs. 

535. The distillation of uxUer may be advantageously 
combined with the heating of drying ovens to a tempera- 
ture not exceeding 100° C. For this purpose one of 
the tiled recesses in the laboratory wall is furnished with 
a glazed projecting hood and with a good draught from 
the top. Into this recess the arrangement represented 
in Fig. 47 is fitted, where the copper boiler and a stone- 
ware collecting jar are seen resting on the floor of the 
recess, whilst the set of double-cased copper ovens and 
the still-tub are supported on a strong iron grating above. 

The steam generated by the powerful Fletcher burner 
passes from the boiler through a pipe which terminates 
several inches above the bottom of the outer casing of 
the ovens. It then makes its way between and around 
the various ovens, undergoing partial condensation in 
heating them ; and the hot condensed water thus pro- 
duced flows through a pipe, the opening of which is 
flush with the bottom of the oven casing, into the stone- 
ware jar, from which hot distilled water may be drawn 
when the apparatus is at work. This pipe has a U-bend 
to prevent the escape of steam. 

Any steam which is not condensed in heating the ovens 

passes from the upper part of the oven casing into a 

block tin worm inclosed in the tall still-tub, and drops 

as distilled water from the end of the worm-pipe into a 

13 
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second stoneware store-jar provided with a tap below. 
The level of the water inside this jar is shown by a 
syphon gauge such as that seen in Fig. 48. 

The still-tub is supplied with a stream of cold water 
from a pipe, in which is a control tap, seen at the right 
hand side of figure; and from the opposite side of the 
still-tub the heated condensing water flows into a little 

Fig. 47. 








feeding vessel attached to the side of the boiler: a por- 
tion of it serves to keep up the water-level in the boiler 
to the dotted level in tne figure, and the rest flows away 
into the drain pipes through a central pipe seen in the 
feeding vessel. 

All the connections are made by means of screw union 
joints, so that the apparatus may be quickly and easily 
disconnected for removing the incrustation in the boiler 
and on the condensing worm, and for repairs. 
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This apparatus has been allowed to run uninterrupt- 
edly for several days and nights in succession without 
any attention, after the gas burner had been lighted and 
the supply of condensing water had been regulated by 
the tap. 

It has been found possible to attain a higher tempera- 
ture than that usually recorded in a steam oven, by dis- 
pensing with the usual inlet for air through the door and 
admitting the air through a narrow copper tube, one 
end of which is seen immediately beneath each door, the 
other end opening into the oven flush with its bottom : 
the pipe itself is thus constantly surrounded with steam, 
and the air passing through it into the oven enters at a tem- 
perature of nearly 100°. There is a small outlet for air 
provided at the upper part of the back of each oven. 

If the process of distillation and heating the steam ovens 
are not combined in one apparatus, the constant still, 
figured and described below, will be found very service- 
able. The sketch in Fig. 48 renders a lengthened de- 
scription unnecessary : it represents the apparatus in 
section. 

The water in a copper-still (A) is heated by the flame 
of a Fletcher burner or of a large-sized Bunsen burner, 
and the steam thus generated passes from the top of the 
still through a spiral tin tube immersed in water in the 
condensing tub (B), which is made of copper or galvan- 
ized iron ; from this condenser the distilled water flows 
into a large stoneware vessel (C), which is furnished 
with a tap below from which the water is drawn 
when required. A long syphon tube (CD) serves as a 
gauge to indicate the level of the water inside the jar. 

The condensing-tub (B) has three tubes let into the 
side facing the still ; one of these (d), placed about an 
inch above the bottom of the vessel, is the inlet for cold 
water from a cistern, the water-level in which must be 
higher than that maintained in A and B ; this level, 
marked by the single dotted line, is kept constant by the 
overflow tube e, which is connected with a pipe leading 
to a sink or drain. Just below this overflow tube is a 
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short tube (/), which is on a level with another (g) 
opening into the side of the still ; when these two tabes are 
connected by means of an india-rubber joint or a screw 
union, a supply of warm water from the upper part of 
the condenser is furnished to the still and keeps the 
level of water in it constant ; a small glass jet drawn out 
from a piece of glass tubing is fitted into this connect- 
ing tube, and has been found sufficient to prevent an 

Fig. 48. 




undue circulation of water between the still and the con- 
denser. 

The still is supported on an iron ring, projecting as a 
bracket from the condenser. Time is economized by 
having two taps in the inlet tube (d) or by using 
two clamps on the india-rubber joint which con- 
nects it with the supply pipe from the cistern, 
since the flow of water may then be regulated once 
for all by one tap or clamp, the other being used 
only for stopping and starting the stream. The 
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copper still should be furnished with a lid screwing upon 
its mouth for convenience in removing the deposit which 
collects within, and into this lid should be fastened 
a brass tube carrying a screw union by which the tin 
condensing pipe may be fastened steam-tight to the 
still. 

The advantage of this apparatus lies in the fact that 
the still is constantly supplied with the hottest water 
from the condenser through the lateral tube, and that 
when the apparatus has been properly fitted up and the 
supply adjusted, it requires no attention whatever except 
lighting and extinguishing the gas under the still, and 
turning the water supply on and off when the distilla- 
tion is started and stopped. It is advisable occasionally 
to remove the incrustation from the interior of the still, 
and from the supply-tube connecting it with the con- 
densing vessel. 

The wooden stand for the still and storing jar is con- 
veniently fitted with shelves and doors to serve as a store 
cupboard. 

Such a copper-still, twenty-three inches in circumfer- 
ence below and eight inches in height, when filled to a 
height of four inches and heated by the largest Bunsen 
burner, yields two litres of distilled water per hour. 

In laboratories which require a larger supply of dis- 
tilled water than can be furnished by the above ap- 
paratus, a copper still of several gallons capacity may be 
set in masonry and heated by a small furnace fed with 
coal, coke or gas. The overflow from the still-tub 
should then pass into a small cistern, the overflow pipe 
of which keeps its water surface level with that required 
in the still : and the still is supplied with hot water by 
connecting it with the cistern by means of a tube bent 
downwards in its middle so as to prevent the backward 
passage of water from the still to the cistern. 

The purity of distilled water may be ascertained by 
the tests described in remark 41 (552). 

The steam oven is a small oven of sheet-copper, which 
is used for drying substances at a temperature not ex- 
ceeding 100° C. If such ovens are not heated by steam 
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from a separate boiler, one or more of them should be 
heated by boiling water in the space between the oven 
itself and a copper casing which surrounds it (Fig. 49). 
The outer casing often has a circular opening cut in the 
top, which serves as a water-bath : this is covered by a 
lid when not in use. The level of water in the jacket 
Fig. 49. 'nay be maintained 

constant by a little 
contrivance shown in 
section at c : a small 
reservoir communicat- 
ing by a lateral tube 
with the space between 
the oven and its jacket 
is constantly replen- 
ished by water which 
drops into it from the 
supply tube (d); the 
overflow of this reser- 
voir is a central tube, 
the end of which terminates just above the level of the lat- 
eral tube. The outlet for steam (/) may be turned down- 
wards, so that any water formed by the condensation of 
the steam drops into the reservoir (c), or it may be made 
to communicate with the worm of the still, when the es- 
caped steam will be condensed into distilled water. 

The steam oven should, if possible, be supplied with 
distilled water, as the formation of a troublesome incrus- 
tation in the interior is thus prevented. A raised vessel 
of distilled water may be connected with the supply pipe 
(d), and the overflow is collected and occasionally re- 
turned to this supply vessel. 

Or, better still, the escape pipe (/) may be turned up- 
wards and connected with a long vertical or oblique tube, 
which will condense the escaping steam and return it to 
the oven, thus obviating the necessity of a constant sup- 
ply of water : in this case the water in the oven should 
not be boiled too furiously. 
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RECOVERY OF SILVER AND PLATINUM 
FROM THEIR RESIDUES. 



Any waste scraps of platinum or silver wire or foil, 
as well as the precipitates obtained in the processes of 
analysis by the addition of solution of AgNO a or of 
PtCI 4 , should not be thrown down the sinks, but should 
be placed in two large jars specially reserved for them, 
and labelled silver residues and platinum residues re- 
spectively. The reagents may be obtained from these 
residues occasionally by the methods described below. 



Silver Residues. 

536. Some HC1 is poured into the jar containing the 
silver residues and is thoroughly mixed up with the 
liquid: the precipitate is then allowed to subside, and 
after the decantation of the liquid is thoroughly washed 
by decantation (31) ; it may then be treated either by 
Method 1 or 2. 

1. The wet precipitate is rinsed into a flat, shallow 
dish and the layer of water is acidified with H^SOj: 
strips of Zn free from Pb are then laid upon the silver 
precipitate, and the whole is allowed to stand quietly for 
several hours The black, spongy mass which remains 
is metallic silver; it is separated from any remaining 
Zn, and is then thoroughly washed until it is free from 
H^O,. 

This metallic deposit is dissolved by heating it with 
pure strong HNO s , previously diluted with its own 
measure of water. The solution is evaporated to dry- 
ness, the solid residue is dissolved in water and once 
more evaporated to dryness to remove free acid com- 
pletely. The solid is then dissolved in the proper pro- 
portion of water to give reagent 48 (551). Any residue 
insoluble in HNO, is returned to the silver residue 
bottle. 
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2. The well-washed precipitate obtained from the 
silver residue bottle may be filtered off and dried, then 
mixed with twice its weight of a mixture of K 2 CO s and 
NajCOj in equal proportions. This mixture is trans- 
ferred to a clay crucible and fused in a furnace: after 
having been kept in the fused condition for four or five 
minutes, the crucible is removed and its bottom is tapped 
several times on a brick to cause the melted globules of 
Ag to unite. When the crucible is cool it is broken up; 
the button of Ag at its bottom is removed, well washed 
and converted into AgN0 3 solution, as is described in 
the preceding paragraph. 



Platinum Residues. 

537. The liquid is shaken up with the precipitate 
and evaporated to dryness in a porcelain dish, and the 
residue is heated strongly for some time: when the dish 
is cool, water is poured upon the residue and boiled with 
it, then decanted off: solution of oxalic acid is then 
poured into the dish and evaporated to dryness, and the 
residue is once more ignited strongly. The residue of 
metallic Pt is thoroughly washed with boiling water, 
and is then dissolved by heating it with HC1, to which 
one-third its measure of HNO s has been added; the 
solution is evaporated to dryness over a water-bath. 
HC1 is then poured in, and the liquid is once more 
evaporated to dryness and heated for some time on the 
water-bath ; this residue when dissolved in water forms 
reagent 28 (551). 

Any waste scraps of platinum foil and wire should 
be carefully preserved, and, after having been cleansed 
by boiling them with HNO s and then washing well 
with water, they may be dissolved in HC1 and HNOj 
and solution of PtCl 4 , prepared as is described above. 
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CHEMICALS AND REAGENTS. 



In the following paragraphs general directions are given for 
the preparation of reagents and test substances required in the 
preceding analytical coarse. Tabulated lists of the names and 
formulae of these substances follow, a reference number being 
attached to each, and certain necessary details concerning its 
preparation and the tests for its purity being also supplied. 
Lists of the chemicals required for the experiments in Sections 
I. and IL and certain special reagents for detecting the rarer 
elements and organic substances are also tabulated. 

Samples of substances for analysis are given in 658-661, and 
information concerning atomic weights, thermometric scales 
and English and French weights and measures, is contained 
in paragraphs 562-564. 

The pure chemicals required in analysis are readily pur- 
chased, and it will be found more economical as a rule to buy 
than to prepare them. 

The .preparation of the solutions, and the dilution of acids 
and other liquids should, however, always be performed in the 
laboratory, since this lessens cost Doth of purchase and of car- 
riage. 



538. Many reagents and test substances must be dis- 
solved or diluted for use. As these processes of solution 
and dilution must be constantly carried out in a labora- 
tory, it is important that the methods employed should 
be as simple and rapid in execution as possible, and that 
the labor should be minimized. 

It is also of great importance that the solutions should 
be of appropriate strength. It is usually advisable that 
the same liquid should be of different strengths when 
used for a reagent and as a test solution. In either case 
a strength can be selected which generally yields the 
most satisfactory results : if the solution is stronger than 
this, chemicals are wasted ; if it is weaker than this, the 
reaction is not satisfactorily obtained. Hence it is ad- 
visable to prepare these liquids for the student rather 
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than to leave them to be prepared doubtfully or waste- 
fully by him when required; and in order to reduce the 
labor of preparing solutions to a minimum, it is well to 
make each in some quantity and to keep it in stock. 

The apparatus required for preparing solutions in- 
cludes — 

A common pair of scales, with earthenware slabs and beam 
below. 

A more delicate pair of ordinary scales. 

A set of brass weights from one kilogram to one gram. 

A strong glass cylinder to deliver one litre, and with gradua- 
tions for every five or ten cubic centimetres (c.c). 

Several large, wide-mouthed gallon jars, some of stoneware or 
earthenware, others of common green glass. 

Several large funnels of glass or Wedgwood ware. 

A convenient store bottle for liquids is the well- 
cleansed Winchester-quart, in which acids and other 
liquids are constantly supplied to the laboratory. 

The process of preparing liquids is naturally divided 
into the dilution of liquids (539), the solution of solids 
(540) and the solution of gases (541). 



Dilution op Liquids. 

639. In the lists which follow, the proportions by 
measure in which liquids are to be mixed with distilled 
water are stated. Liquids may be mixed in these pro- 
portions by measuring them before they are mixed ; but 
the process is often simplified by measuring the height 
from the bottom of the cylindrical vessel in which the 
mixture Ls to be made to the level which the mixture is 
to reach : this height is then divided in the requisite 
proportion, and the division is marked by a file or a 
diamond, by a painted line, or by an india-rubber ring. 
The liquids are then filled in and thoroughly mixed. 
The mark once made will always serve for diluting the 
same liquid again in this vessel. 

Thus dilute HC1, No. 2 (550), is made by mixing strong 
HC1 with three times its measure of water. The height 
of a Winchester-quart bottle to its shoulder was found to 
be eight inches; a mark was therefore made on the bottle 
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two inches from the bottom, strong acid was poured in 
until it reached this mark, the bottle was filled to the 
shoulder with distilled water, then stoppered and shaken, 
and was thus quickly filled with dilute acid of the re- 
quired strength. 

T^iis method serves fbr numbers 2, 3, 4, 6 #nd 7^550) ; 
in the preparation of dilute H^0 4 special precautions 
are necessary, because the strong acid becomes intensely 
heated by dilution ; see remark 1 in paragraph 550. 

Solution op Solids. 

540. In the lists which follow there is always placed, 
in the fourth or fifth column against each solution of a 
solid, the proportion of solid to water to be used in 
preparing it. In some of the tables the fourth column 
gives the number of grams of the solid to be dissolved 
in the Winchester-quart of water. This number is 
derived from the proportion of solid to water by con- 
sidering that an average Winchester-quart bottle filled 
about an inch above its shoulder holds 2400 c.c. (cubic 
centimetres) or approximately 2400 grams of distilled 
water. In a similar manner the weight of water held 
by any other bottle or vessel may be obtained with 
sufficient accuracy for this purpose by measuring its 
capacity in c.c, and counting this number as the weight 
of water in grams. 

Thus the strength given for the AmCl reagent solu- 
tion, No. 5 (550), is 1 : 8, as is shown in the fifth col- 
umn ; this means that a given weight of water must have 
dissolved in it one-eighth its weight of solid AmCl ; and 
since a Winchester-quart bottle holds 2400 grams of 
water, one-eighth of 2400 or 300 grams of AmCl must 
be dissolved in this water to obtain a solution of the 
required strength. 

Pure solid chemicals are usually sold in the crystalline 
condition: hence it may be assumed that the crystalline 
substance is to be used unless a, which signifies amor- 
phous, is placed against the name in the first column in 
the table. 

If a small quantity of a finely- powdered solid has to 
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be dissolved, or if the solid is extremely soluble iii water, 
the solution is often most simply made by introducing 
the weighed solid at once into the water contained in a 
stoppered bottle or beaker, and shaking or stirring until 
solution is completed. This method is successful with 
No. 10 £650), with Nos.28, 34, 38, 48, 53, 61, 63, 70, 
77, 78, 81 (551, 552), and with many of the substances 
in 553, 554. 

For dissolving large quantities of solids two methods 
are described below: the former (541) is useful when 
the solution must be rapidly prepared, but the latter 
(542) is decidedly preferable for many reasons, and 
should always be employed if possible. 

541. Method I. — Weigh out the required quantity 
of the solid substance, and heat it with distilled water 
in a large porcelain dish over a Bunsen burner with a 
rose- top, or over a Fletcher burner; this solution would 
often crystallize on cooling; hence it should be at once 

f)oured into some cold distilled water contained in a 
arge beaker, which has been marked to show the quan- 
tity of liquid required to fill the store bottle. While 
pouring off the liquid press a wet glass rod, held verti- 
cally, against the lip of the dish, and let the bottom of 
the dish touch the top of the beaker. These precautions 
will prevent the liquid from running down outside the 
beaker. 

Dilute this with distilled water to the required vol- 
ume, mix well by stirring, and if the solution is turbid, 
let it stand covered from the air until it is clear; then 
pour it off into the store bottle, carefully leaving the 
sediment behind. If the liquid is wanted- in haste, it 
may be filtered into the bottle : the coarse, brown French 
filter paper is useful for this purpose, since it is strong 
and porous: the liquid should be filtered before diluting 
it to the full extent, as the quantity to be passed through 
the filter is thus lessened and time is economized. 

This method is of general application in the solution 
of solids. 

542. Method IJ. depends upon the fact that the 
specific gravity of water becomes higher as the quantity 



642.] 



SOLUTION OP SOLIDS. 



337 



of solid dissolved in it is increased ; hence if the solid is 
immersed in the water near its surface, a circulation is 
produced by the constant sinking of the water which 
has been in contact with the solid and by dissolving 
some of it has increased in specific gravity, this being 
replaced by the comparatively lighter liquid from below. 
This circulation of water over the solid substance gradu- 
ally dissolves it without the use of heat, and the process 
requires no attention after it has once been started. 

1. The most simple method of applying this principle 
is to lay the weighed solid upon a piece of dry, well- 
washed muslin, then tie this up into a little bag and 
suspend it in the upper part of the water contained in a 
jar of common stoneware or earthenware or of thick 
green glass. A glass rod placed across the mouth of 
the jar serves to hang the bag upon. The process of 
solution by this method is very rapid. 

2. Or a glass cylinder A (Fig. 50), which is open at 
both ends, such as a broken beaker, flask or bell-jar, 
may have one end covered with muslin, 
which is fastened on bv an india-rubber 
ring and is shown by the lower dotted 
line: this cylinder, with a muslin bot- 
tom, is supported in the jar by means of 
two pieces of glass rod or tube, bent as 
is Shown at c c c. Distilled water is 
poured into the jar until it buries the 
muslin to the depth of about half an 
inch ; the weighed substance is then 
placed in the cylinder and the whole is 
allowed to stand until the solid has been 
dissolved. With large quantities of sub- 
stance this will usually require several hours; with 
smaller quantities, about twenty minutes or half an hour. 

3. A convenient substitute for the glass cylinder with 
muslin bottom is an earthenware colander (Fig. 51). If 
the jar is too large, a stoppered bottle of suitable size 
may be placed in it to raise the water level sufficiently 
to reach the substance. 

30 



Fig. 60. 
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The processes of solution and filtration may be per- 
formed simultaneously by laying a piece of filter paper 
on the bottom of the colander, or upon the muslin before 

fastening it on the cylinder; even the 
Fig. 51. coarse grey paper will, however, consid- 

er ~kt erably retard the process of solution. 

SS^Sr Large quantities of substance are most 

readily dissolved by starting the process 
over night; the solution will then be 
completed by the morning. In this case 
the retardation caused by the filter paper 
will be immaterial; but the paper is 
usually unnecessary, since any fine par- 
ticles which have passed into the water 
will have settled, and the liquid can 
therefore be easily decanted from the sediment. 

It must be borne in mind that the volume of the 
water is increased by the solution in it of many salts, 
and especially of such salts as contain water of crystalli- 
zation ; hence the quantity of water placed in the jar 
must be less than the volume of solution required, and 
the liquid is made up to the required volume after the 
solution has been effected. 

545. Preparation of saturated solutions. — A solution 
is said to be saturated when it contains the largest 
amount of the substance which the liquid can dissolve 
at the temperature of the solution. The quantity which 
can be dissolved usually varies widely with tne tem- 
perature, and in the case of a solid commonly increases 
with rise of temperature. Saturation at ordinary at- 
mospheric temperature is always implied below. 

Tne methods described in 542 are very convenient 
for the preparation of saturated solutions ; the solution 
is known to be saturated when the solid supplied to 
the upper part of the liquid ceases to be any further 
dissolved. 

In the case of o, finely-powdered substance, which 
remains long suspended in water, a saturated solution is 
also easily obtained by shaking up well with water, 
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allowing the powder to subside and decanting the clear 
solution. The following solutions will serve as illustra- 
tions : 

1. Calcium sulphate solution, No. 16 (550), is made 
by filling a Winchester-quart up to its shoulder with 
distilled water, then pouring in some plaster of Paris 
powder, stoppering the bottle and shaking it well. The 
liquid will remain milky for a long time, and since the 
water is thus kept in contact with a large surface of the 
solid, it will become saturated with 0aSO 4 before the 
powder has settled. As soon as the liquid has become 
perfectly clear by settling, the solution is decanted into 
another bottle for use ; the sediment remaining in the 
first bottle is again shaken up with water and the bottle 
is set aside ; it will thus furnish a fresh supply of the 
clear solution when required. 

2. Lime-water, No. 57 (552), is prepared by introduc- 
ing freshly slaked lime into a Winchester-quart bottle 
filled to its shoulder with tap water, and proceeding pre- 
cisely as in the preparation of calcium sulphate solution 
described in the preceding paragraph. 

Solution of Gases. 

546. Many gases which are more or less soluble in 
water are most conveniently applied as reagents in the 
dissolved condition. Those which are most frequently 
used can be readily and cheaply purchased, such as am- 
monia solution, No. 6 (550), sulphur dioxide solution, 
No. 49 (551), and hydrofluosilicic acid. Of the remain- 
ing gaseous solutions mentioned below, sulphuretted hy- 
drogen solution should be kept in readiness, but the gas 
may be passed through the solution instead ; nitrogen 
tetroxide solution is replaceable by a freshly acidified 
solution of potassium or sodium nitrite, and as a substi- 
tute for chlorine water either bromine water or freshly 
acidified solution of bleaching powder may be em- 
ployed. 

It will be seen, therefore, that the preparation of gas- 
eous solutions is by no means indispensable. 

All the solutions mentioned below should be prepared 
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in the open air or under a good draught, since the gases 
have an unpleasant smell and are injurious when in- 
haled. 

Each gas is made to pass from the generating appa- 
ratus down a delivery tube (ab) to (A* 
Fiq. 53. bottom of some coid distilled water con- 

m , * tained in a bottle, which can be closed 

by a well-fitting stopper (Fig. 52). 
The water is kept cool, if necessary, by 
immersing the bottle in a pan of cold 
water. Bubbles of gas are thus made 
to pass in a rapid stream through the 
whole height of the liquid, and a por- 
tion at least of each bubble will be 
dissolved. 

The solution is saturated when the 
gas is not further dissolved: this may be judged in some 
cases by observing whether the bubbles cease to diminish 
in size during their ascent through the liquid : but a 
better test of saturation consists in withdrawing the 
delivery tube, then at once closing the bottle with the 
stopper or the thumb and shaking it well : if a pressure 
is felt from within, due to the liberation of some of the 
dissolved gas by the agitation, the solution is saturated : 
but if suction from within is felt, due to the solution of 
the gas filling the upper part of the bottle, the liquid is 
not yet saturated with the gas. 

1. Saturated solution of sulphur died hydrogen, No. 36 
(551), is made by passing the gas from the apparatus 
described in 534 through water, as is described above. 
The solution should he prepared in small quantity only, 
as the gas in solution is decomposed by the oxygen 
dissolved from the air with deposition of sulphur. 

2. Saturated sulphurous acid solution, No. 49 (551), 
is prepared, as is described above, by saturating water 
with sulphur dioxide made in an apparatus such as is 
shown in Fig, 53 by the process described in 23. This 
solution is kept in stock for pharmaceutical purposes, 
and may therefore be readily purchased. 

3. Chlorine water, No. 60 (552), is made by p 
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chlorine from the apparatus shown in Fig. 53, and pre- 
pared as is directed in 21, into cold water until it is 
bright yellow in color, 

if not saturated. The Fig. 63. 

solution ia rapidly 
altered by light into 
one of hydrochloric 
acid with escape of 
oxygen: it must there- 
fore be kept in a per- 
fectly dark cupboard 
or the bottle must be 
shielded from light by 
an opaque covering. 

For many purposes 
bromine water, No. 43 (551), may be substituted for 
this reagent, and is much more easily prepared and pre- 
served. Or a little bleaching powder may be shaken 
up witli water in a test-tube, and this when acidified will 
contain chlorine gas in solution. 

4. Nitrogen Utroxide solution, No. 71 (552). Lead 
nitrate in dry powder 

is heated in a test-tube F 10 - 6 *> 

fitted with a cork and 

delivery-tube (Fig. 

54), and the red 

fumes which escape 

are passed into dilute 

HjS0 4 . Care must be 

taken to maintain the 

heat uniformly after 

the fumes begin to 

be evolved, else the 

liquid may be sucked 

back into the hot tube by the contraction of the gas on 

cooling; and for the same reason the delivery tube must 

be removed from the liquid as soon as the heating is 

stopped. 

5. HydrofluosUicio acid, No. 35 (551), is made by 

30* 
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passing silicon fluoride gas into water. The gas is pre- 
pared in a flask fitted as is shown in Fig. 53: into this 
flask an intimate mixture of 50 grammes 
Fig. 55. of dry, pure, finely-powdered fluorspar 
with 50 grammes of fine white sand is 
poured; 300 grammes of strong H^SO, 
are then introduced through the funnel 
tube, and the acid is mixed with the pow- 
der by shaking it round in the flask; the 
gas evolved on gently heating the flask 
with the flame from a. rose-burner is made 
to pass first through the bottle B (Fig. 
53), which must be empty and dry inside; 
thence it escapes through a bent tube, a b 
(Fig. 55), which is fitted upon the outlet 
tube of B by an india-rubber joint: the 
end of the tube (a 5) is made to dip into mercury con- 
tained in a small beaker, d (Fig. 55), which stands in a 
large beaker containing 400 c.c. of water. 

As soon as the silicon fluoride gas conies into contact 
with the water, after escaping from the mercury, it is 
decomposed into hydrofluosilicic acid, which dissolves in 
the water, and silica, which remains suspended in the 
water as a gelatinous mass; the silica would very soon 
close the end of the delivery-tube (a b) if it were not 
protected from contact with water by being immersed in 
mercury. 

As the current of gas slackens the heat is raised, until 
white fumes of HjS0 4 begin to appear in the preparation 
flask ; the process is then arrested and the gelatinous 
silica is separated from the solution by squeezing the 
liquid through fine muslin and then filtering it if it is 
not quite clear. The silica may be dried, heated strongly 
in a porcelain dish and put by in a stoppered bottle as 
Reagent No. 86 (562), for which it serves admirably. 
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STORE JABS AND BOTTLES. 

547. As store jars for large quantities of solid chemi- 
cals, the broad-necked common green glass jars with flat 
stoppers, which are used for preserves and confectionery, 
may be employed. They are very cheap and strong, 
and present the advantage over stoneware jars that one 
sees at a glance the quantity of material they contain. 
The stoppers exclude dust and can be at once made air- 
tight by fastening a cork ring around their lower part : 
it is, however, only necessary in the case of very few 
chemicals to exclude air perfectly. These jars can be 
purchased in several convenient sizes. Solids are readily 
removed from them by means of wooden spoons. 

The little white glass honey-jars with glass caps serve 
well for keeping smaller quantities of solids, and can be 
similarly made air-tight by means of a cork strip. These 
jars serve for storing the solid powders which are re- 
quired for analysis in the laboratory (559-561), their 
necks being of the requisite breadth for inserting a watch 
glass. 

Weil-made German white glass bottles can be pur- 
chased for the reagents and test solutions ; these bottles 
have flat-headed stoppers, which protect the lip from 
dust, and each stopper has been ground into the bottle 
so as to insure its fitting; stopper and bottle are then 
prevented from permanently parting company by having 
an identical number etched upon them. 

The liquid bench reagents (550) may be kept in 
narrow-necked bottles of 6 or 8 ounces capacity, and 
the solids in 4-ounce broad-necked bottles ; whilst the 
special reagents (551, 552) should be in 12 -ounce bottles. 
The test solutions (553, 554) require larger bottles of 
about 32 ounces capacity : they may be kept in stock in 
Winchester-quart bottles. 

The bench reagent solutions may be conveniently kept 
in stock in an accessible position in the laboratory in 
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large white glass jars with glass taps below : these taps 
are ground into a tubulure near the bottom of the bottle, 
and after they have been inserted perfectly dry are 
fastened by a thick coating of paraffin wax. The plug 
and seat of the stopper require to be occasionally thor- 
oughly dried and greased. This arrangement of the 
stock enables each student to fill his own bench bottles 
when necessary. 

Accurately fitting stoppers should not be used in 
bottles containing solution of KHO or NaHO, as they 
are certain to be set fast : a loosely-fitting stopper or a 
glass marble placed on the neck obviates this difficulty. 



Labelling Bottles. 



548. Every bottle in use in the laboratory should be 
labelled as permanently as possible; beginners are much 
assisted if the label bears not only the name but also the 
chemical formula of the substance contained in the bottle. 
It is also extremely convenient to legibly number each 
bottle in its series, this number serving as a short means 
of reference and also helping to keep the bottle in its 
place, so as to enable it to be easily found : this is made 
more certain still if the edges of the shelves am num- 
bered to correspond with the bottles which should stand 
on them. The gummed labels should be stored in a 
dry place. 

After the whole surface of the gummed label has been 
carefully made to adhere to the bottle by pressure with 
a clean cloth, and it has been allowed to dry thoroughly, 
it should be brushed rapidly across with an ordinary 
broad, flat and stiff gum brush, which has just been taken 
out of a little dish of melted paraffin wax. A thin 
coating of the wax is thus laid on, which should entirely 
cover the label and project for a short distance beyond 
its edge upon the glass surface. A little practice will 
render it possible to lay on an even layer of the wax 
which does not penetrate and grease the paper. If the 
paraffin be heated only slightly above its melting point, 
it will set too rapidly to grease the paper. 
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This paraffin varnish, if properly applied, perfectly 
resists the action of water, acids and alkalis, and, in fact, 
can only be removed or injured by mechanical means, 
by heat or by such solvents as ether and turpentine. 

Bottles containing the strong mineral acids commonly 
have ordinary labels etched upon their surface, but this 
is unnecessary, since the paraffined paper label stands 
perfectly well. Names and formulae painted on bottles 
with Brunswick black are also very permanent in the 
laboratory. 



LISTS OF REAGENTS AND CHEMICALS. 

549. In the following lists (550-654) will be found 
each reagent and test substance required in the analytical 
course. In the first column is a number which may be 
used for short reference, and which serves to keep the 
bottle in its place and to find it when required : in the 
second column stands the name and in the third the 
chemical formula of the substance ; while the subsequent 
columns give the strength of the solution and details of 
its preparation, in cases to which the general methods 
described in 539-545 do not strictly apply. 

An "s" following the reference number in paragraphs 
553, 554 means that the substance is required in the 
solid state as well as in solution, and some of the solid 
in powder should be placed in a 4- ounce bottle and kept 
near the solution. 

The directions for preparing liquid reagents have been 
already given in 539-546 ; it is only necessary to add 
that in stating the proportions of solid or liquid to water 
required for the solutions the water always stands last, 
and that m signifies proportion by measure of liquids 
and w proportion by weight of solids to water. 
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650. — Reagents required 



Reference 
number. 



Liquid*. 

1 . 

2 . 

3 . 



4 . 

o . 

6 . 

7 . 

8 . 

9 . 

10 . 

11 . 

12 . 

13 . 



14 . 



lft 

16 

17 

I 
18 

19 

20 

21 



Solid*. 



[The numbers in 
spondingly 



brackets refer to 

in the sixth column.] 



Sulphuric add 0) • • 
Hydrochloric add (*) 
Nitric add (>) . . . 



Acetic add («) 



Ammonium chloride (*) 

Ammonia, or ammonium hydrate (•) 

Ammonium sulphide ( T ) 

Ammonium carbonate (•) 

Ammonium oxalate 

Potash, or potassium hydrate . . . 

Potassium chromate 

Potassium ferrocyanide 

Potassium ferricyanide (•) * 
Sodium phosphate 0°),t or 
Hjrdric disodic phosphate, or 
Hydrogen disodium phosphate 

Sodium carbonate 

Calciom sulphate 

Barium chloride 



Sodium carbonate (") 

Borax (**) 

Potassium chlorate . 
Test papers 



• • • 




} 



Ha. . , 

HNQ, . « 

{HA, or 
HCtH.0, 

nh 4 q 

KH4H0 

(NH4)fS 
(NH 4 ) l CX> t .... 

(NH^/VQi-SHtO . 

KHO 

K|CrO« 

KjFeCyi.SHjO . . 
KsFeiQril .... 



NatHPOflzH^O .... 

NajOCVlOHjO (cryttaa) 

OaS0 4 

BaO t .2H s O 



NaHOO, 
Na^O, 

xcio a . 



• Thin rtafrent undergoes decomposition by exposure to light and must not be kept near a whv 
f Hydrogen sodium ammonium phosphate (NaAmHPO)^ solution serres better for precipitatfoo 
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for each Bench. 



4. 

Weight of polid in grams 
to be dissolved In one 
"Winchester" of 
ter. 



• olAl ••••»•• 



• • • • • 



. . .400 

. . .100 

. . .300 

. . .200 

. . .200 

• • • 4mMJ ••••••• 

• • «saAJ ••••••• 



. . .000 

Saturated eolation (640, 1) 
. . .200 



In email crystals. 

Blue and red litmus and 
lurmeric papers in 
small strips. 



5. 

Proportion of 
solid by weight 
(w.) and liquid 
by measure (m.) 
to water. 



1:6m. 
1:8" 
1:3" 

2: 1 u 



1 
1 
1 
1 
1 
1 
1 
1 
1 



8 w. 

3 m. 

1 " 

6 w. 
24 " 

8 " 
12 " 
12 " 
12 " 



. . 1:12 



1: 4 



M 



If 



1:12 " 



6. 

Bemarks. 

[The small numbers refer to corresponding num- 
bers in the second column.] 



1. Pure strong B4SO4 must be poured in the 

E roper proportion into water contained in a 
irge thin beaker or an earthen Jar, constantly 
stirring the water all the time ; the right pro- 

C rations are obtained by measurement of the 
eight of the reesel (639). The hot liquid is 
cooled by immersing the vessel in cold water, 
and is then poured into the store bottle. If 
the acid is pure, no white precipitate (PbSOJ 
forms during dilution. 

2. Must be colorless, and give after dilution no 
precipitate with either BaClj or HjS. 

3. Must gire no precipitate after dilution, with 
Bads or AgNOj added to separate portions. 

4. Must give no precipitate with BaCl* 

6. Must gire no precipitate or coloration with 
AmjS. 

6. Must give only a very slight precipitate with 
lime-water, no coloration with AmJS, and 
separate portions acidified with HNO| must 
give no precipitates with BaClf and AgNO*. 
" Liquor ammonias fortlssima," of 880° specific 
gravity, is bought 

7. Must be yellow, and give with adds HjS and 
a white precipitate of 8 ; it must give no pre- 
cipitate with solutions of Oa-or Mg salts. 

8. The solid AnwOO, is dissolved by the second 
method (542) in cold water, but in diluting, 
one-fourth of the u Winchester" must be filled 
with strong AmHO. 

9. Must give no blue precipitate with FejCI* solu- 
tion. 

10. Must yield no precipitate with AmHO. 

11. Dry finely-powdered " bicarbonate of soda." 
It must, after having been dissolved in excess 
of HNO3, give no precipitate with BaClg or 
AgNQ* or AmHMo0 4 (277), and if evaporated 
with excess of Hfl must leave no residue in- 
soluble in dilute HC1 (291). 

12. The borax is twst dried by heating in a plati- 
num or porcelain dish until after melting it 
has again become solid ; this solid mass is then 
finely powdered in a mortar and kept in a 
stoppered bottle. 



dow : it is better to dissolve a fragment of the solid each time it is required. 

of Mg than does NajHP0 4 solution : it is prepared of the strength given above for NajHPO* 
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651. — Reagents for General Use, 

Except in large laboratories, it will be unnecessary to keep these 
contained in the laboratory may be made up to the right strength as 



l. 



Reference 
number. 



25. . 

26. . 

27. . 

28. . 

29. . 

30. . 

31. . 

32. . 

33. . 

34. . 

35. . 

36. . 

37. . 

38. . 

39. . 

40. . 

41. . 

42. . 

43. . 
44l . 

45. . 

46. . 

47. . 

48. . 

49. . 

50. . 

61. . 

62. . 

63. . 



2. 

Name. 

[The small numbers in brackets refer to remarks cor- 
respondingly numbered in the fifth column.] 



Sulphuric acid (") 

Hydrochloric acid (*)* 

Nitric acid (»)• 

Platinum chloride f 

Alcohol, rectified spirit (") 

Tartaric acid (>•) 

Acid sodium tartrate, hydric sodic tartrate (*>) 



Slaked lime (») , 

Acetic acid (<)• 

Cobalt nitrate (**) , 

Hydrofluosilicic acid (*) , 

f Sulphuretted hydrogen solution ) pj) 
i Hydrogen sulphide J 



Oxalic acid 



Potassium sulphocyanide 
Potassium nitrate .... 



Lead acetate (*) 



Sodium acetate 



Potassium cyanide (**) 
Bromine-water ( r ) X • 
Stannous chloride (**> . 

Copper (») 

Zinc(") 

Steel (») 

Silver nitrate 

Sulphurous acid . . . 
Copper sulphate . . . 
Magnesium sulphate . 
Mercuric chloride . . 
Gold chloride 



3. 
Formula. 



HsSO* 

HC1 

HNO, 

PtCl 4 

C,H«0 

H, T or H.C 4 II 4 o t . 
fNaHT.Hab. . . 
1 NaHC 4 H 4 0|.H s . 

CVHO), 

HAorHCW*, . 
Co(N0 a ) s .6H 1 
HjSiF, 



HfS solution 



}•• 



i 

}■■' 



( U,0.2H 3 
1 H,C^) 4 .2H a O 

KCyS 

KNO, 

rPbAj.SHjO 
I PIKCtHjOiVSHjO 
rNaA.3HjO ) 

(NaCtHsOfeSHsO J * * | 

KCyorKCN 

Br-wator 

SnClt.2H«0 

Cu 

Zn I 

Fe 

AgNO,. . . 

H^O,. . . 

CuS0 4 .5H«0 

MgS0 4 .?H,0 

HgO, . . . 

AuCl t . . . 



* See last column or tho preceding page. 

5 Must be used in very small quantity only, being an expensive reagent 
Sodium hypochlorite (Na,CI,0). the " Liquor Soda Chlorinata" of co 
may be used, but does not keep well. 



commerce, 
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reagents in store in quantity. The 12 oz. bottles in which they are 
soon as they are empty by the proportions stated below in column 4. 



4. 

Proportion by weight of 

■olid to water : and 

weight in grants for 

a 12 ox. bottle in 

square brackets. 



Strong pure. 



4< 



6. 

Remarks. 

[The numbers in this column refer to those in brackets in 

the second column.] 



1 : SO [15 grams]. 

Strong. 

1 : 10 [45 grams]. 



. Solid 

. Strong. 

. 1 : 12 [40 grams]. 

. See 546, 5. 

Bee 0*0, x. 

. 1 : 12 [40 grams]. 

. 1 : 100 [6 grams]. 
. Solid. | 

. 1 : 12 [40 grams]. 

. Solid 
. Solid. 

. 1 : 12 [40 grams]. 



. 1 : 100 [5 grams]. 

. See 546, 2. 

. 1 : 12 [40 grams]. 

. 1 : 12 [40 grams]. 

. 1 : 20 [30 grams]. 

. 1 : 80 [16 grams]. 



17. Must be colorless and form no brown ring when poured below 
some FeS0 4 solution (247). 

18. Strong rectified methylated spirit which must leave no residue 
on evaporation, and remain clear on dilution. 

19. The solution should be mixed immediately after preparation 
with several drops of carbolic acid to prevent a vegetable 

Sowth forming in it : or, better still, some crystallized H,T 
ould be dissolved when wanted. 

20. Dissolve 10 grams of H*? in 100 c.c* of water, divide this 
solution into equal parts, exactly neutralise (H4) one part by 
heating it nearly to boiling and stirring in solid NajCO„ in pow- 
der ; add to this the other part, cool and dilute to 160 c.c. A 
few drops of carbolic acid should be added to the solution. 

21. Pieces of freshly-burnt lime are placed on a plate, and water 
is poured upon them until they begin to appear moist on their 
surface ; the superfluous water is then drained off, and as soon 
as the lime has crumbled to powder, it is placed in a broad- 
mouthed stoppered bottle. 

22. The bottle should be closed with a loosely-fltttng india-rubber 
stopper, perforated, and with a glass tube passed through it and 
dipping into the solution ; when a drop of the solution is re- 
quired, the upper end of the glass tube is closed by the finger, 
and a drop is delivered from the opposite end by slightly relaxing 
the pressure of the finger. 

23. The solution must give no precipitate with BifNO,), solu- 
tion. 

24. This solution must not darken on adding AmHO. 

26. A little HA must be added to this solution to make it clear. 

28 Solution of KCy is made (1 : 12) ; it decomposes so readily that 
the solution is best made immediately before use by heating a 
•mall piece of solid KCy with distilled water. 

27. A few drops of Br dissolved by well shaking with water. 

28. Crystals of SnCUj should be dissolved by heating them with 
water containing some HG1 ; the solution should be kept in a 
well-stoppered bottle containing pieces of granulated or block 
tin. 

29. In strips cut from thin copper-sheet. 

80. In strips or rods, or granulated ; it must be proved to be free 

from As by 181, 182 or 183. 
31. Common knitting-needles broken into short lengths and 

kept in a bottle containing pieces of quicklime to prevent 

rusting. 



• cc. is the contraction for cubic centimetre. See weights and measures (564). 



81 
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652. — Reagents for General Use 

Refer to note under 



1. f 2. 

Name. 

Reference [The small numbers In brackets refer to correspond' 
number. ing numbers in the fifth column.] 



57. . . . Lime-water 

58. . . . Lead acetate in potash (**) 

69. . . . Potassium dichromate 

00. . . . Chlorine water 

61. . . . Ferric chloride (") 

6J. . . . Ferrous sulphate (**) 

63. . . . Potassium iodide 

64. . . . Starch (») 

65. . . . Indigo solution (*) 

66. . . . Manganese dioxide (*) 

67. . . . Potassium dlchromate (**) 

68. . . . Ether (methylated) 

69. . . . Carbon disulphide 

70. . . . Potassium nitrite (*•) 

71. . . . Nitrogen tetroxide solution 

72. . . . Ammonium molybdate (*>) • 

73. . . . Calcium fluoride 

74. . . . Potassium disulphate 

f Microcosmic salt, or ? . 

\ Hydric amnionic sodic phosphate J 

76. . . . Wax, or paraffin 

77. . . . Calcium chloride 

78. . . . Potassium chloride 

79. . . . Marble 

80.*. . . Distilled water («i) 

81. . . . Pure sodium hydrate (*), pure soda 

82. . . . Fusion mixture (*■)... 

83. . Barium carbonate (*«) 

84. . . . Solution of sodium acetate in dilute acetic add («) 

85. . . . Sodium nitrate («•), solid 

86. . . . Silica, or finely-powdered white sand. (8ee 646, 6.) 

87. . . . Hydrofluoric acid («*) 

88. . . . Zinc sulphate. (See No. 111.) 

89. . . . Calcium carbonate, pure. (See 481.) 

90. . . . Ammonium chloride, pure, in powder. (See 481 ) 

91. . . . Barium peroxide, in fine powder 



Oa(HO), 

PbAj+KHO 

KsCrtOf 

CI solution 

FegClf .... . . 

Fe80 4 .7H 1 .... 

KI 

MnO, 

KsCrjO, 

(CiH,)^ 

cs, 

KNO, 

Nj0 4 solution ... 

(NH^HKoO* 

CaF, 

t\ H8 H| . M ... 

NaAmHP0 4 .4H 1 . 

OaClfSHsO (crystals) 

KC1 

CaOO, 



H*0 

NaHO 

NajCOj+lLjCQ, 

BaOO, 

NaA+HA 

NaNO. 

SiOt 

HF 

ZnSO+THaO 

CaOO, 

NH«a 

BeO, 



• Not. 80-91 are oertain special 
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the heading of 551. 



Proportion by weight of 

■olid to water : and 

weight in grams for a 

12 oz. buttle, in 

square brackets. 



See 546. 

1 : 24 [20 grams]. 

See 546, 3. 

1 : 24 [20 grams]. 

Solid. 

1: 60 [8grams]. 

Solid. 

Solid. 
Solid. 



6. 



[The numbers in this column refer to corresponding 
numbers in the second column]. 



32. 



33. 



34. 



36. 



. 1 : 24 [20 grams]. 
. 8M646.4. 

. In powder. 
. In small pieces. 

. In small crystals. 

. Solid in pieces. 
. 1 : 12 [40 grams]. 
1 > 12 [40 grams]. 
In pieces as large asa pea. 



86. 
37. 

38. 
39. 



40. 



To some of the PbA* solution (No. 40) KHO solution is 
added until, on warming, the precipitate at first formed 
is just redissolved : paper dipped into this liquid is a 
rery delicate test for HJS (230). 

The solution should not contain any free acid : to re- 
move acid AmHO is added until the further addition 
of a umgle drop gives a reddish brown precipi t ate of 
FejH e O« in the solution. 

FeS0 4 solution rapidly oxidises in the air, hence the 
FeS0« should be kept In the solid state as small green 
crystals, which should not show a yellow coating in 
any part: these are dissolved, when required, by 
crushing and shaking with cold water. 

Starch solution rapidly changes ; it is best therefore to 
keep the starch as a powder Starch solution is made 
by stirring 2 grams of this powder, which has been 
made into a paste with 10 c.c. of cold water into 100 
c.c. of boiling water and cooling. 

Hade by dissolving indigo-carmine in water. 

Should be kept in fine powder ; it must not evolve 01 or 
CO| when wanned with strong H^SO* 

In small pieces, or in powder. 

The solution is prone to change, and should be made in 
small quantity only : it must evolve copious red fumes 
when mixed with HfSO* 

Make the solution with the following proportions : — 1 
gram of Am s Mo0 4 is dissolved in 12*5 c.c. of strong 
AmHO which has been previously mixed with an equal 
quantity of water, the solution is allowed to stand (if 
necessary) till clear, then poured off into 60 c.c. of 
strong HLNOj : the liquid will become hot, and should 
be allowed to stand until it is cool before being used. 



42. 



43. 



40a. The UNO, solution of this salt must yield no precipitate with AgNO,. 
41. Must leave no residue on evaporation ; in separate portions no precipitates 
must be caused by Bad* AgNO* or AnuGjO^ neither must any precipi- 
tate or even dark coloration be produced by addition of AmjS. 
The proportion by weight should be 1 : 10 of water ; it is best kept in green 
glass bottles, as it slowly dissolves Pbfrom white flint glass. The solution 
must not become dark in color when mixed with HjS, nor give a gelat- 
inous precipitate ( AlfHO*) when mixed with excess of AmCl solution. 
Dry finely-powdered! Na«00a and K2CO3 are intimately mixed in the propor- 
tion of 63 : 69 by weight, and kept in a stoppered bottle. 
44. Pure powdered BaOO* is either purchased, or is made by precipitating BaCl 9 
solution completely with AmjCOj or NagCog solution, and washing the 
precipitate well by decantation. This powder is then mixed with distilled 
water to the consistency of thin cream. 
Dissolve 30 grams of NaA _in 60 c.c. of distilled water, and add to the solu- 
tion 40 c.c. of strong HA. 
Made by neutralising strong hot Na,00, solution with HNOj and evaporat- 
ing in dryness. Sold also as Chili saltpetre. 
Purchased and kept in gutta-percha bottles. 



46. 
46. 



47. 



reagents entered apart 
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563. Solutions for the 

Each bottle should bear on its label the number, name, and formula 
near the solutions, containing the powdered solid of each of those sub- 
also carry on their label the name, number and formula of the sub- 



1. 

Reference 
number. 



100.1. 

lOl.s. 

102 J. 

103.S. 

104. 

105. 

106. 

107.8. 

108. 
109.S. 

110.S. 

Ill* 

112.S. 

113a 

114. 

116.S. 

116.1 

117.S. 

118.S. 

119.1. 

120.S. 

120. . 

121.S. 

122.1 

123.8. 

124. 

126. 

126. 



i 

L 



2. 

Name. 

[The numben in brackets refer to similarly 
numbered remarks in the last column.] 



Potassium chloride 

Ammonium chloride 

Sodium chloride 

Magnesium sulphate 

Barium chloride 

Strontium nitrate 

Calcium chloride 

t Alum, or 

\ Aluminium potassium sulphate 

Ferric chloride* (a) 

Ferrous sulphate (**) 

f Chrome, alum, or 

\ Chromium potassium sulphate 

Zinc sulphate • 

Manganese chloride (a) 

Nickel sulphate 

Cobalt nitrate • 

Mercuric chloride 

Lead acetate (*) 

Bismuth nitrate (») 

Copper sulphate 

Cadmium sulphate (a) 

t Arsenious oxide (a) ( M ) 
I Solution in dilute HC1 
t Arsenious oxide (a) (**) 
I Solution In water 

Sodium arsenate 

Antimonious chloride (**) f 

Stannous chloride ( M ) . . . 

Stannic chloride («) . . . 

8Uver nitrate 

Mercurous nitrate (*•). . . 



} 



} 



} 



3. 
Formula. 



KC1 

AmCI 

NaCl 

MgSO^HsO 

BaCl s 2HsO 

8r(N0^.4H f 

CaCl,.6H,0 

AlK(S04)t.l2H|0. 

»VT« 

FeS0 4 .7H 1 ' 

CrKCSO^^HsO . . . 

ZnS0 4 .7H 1 

MnCl, , 

NiS04.7H,0 

Oo(NO s ) t .6H s O 

HgCI t* • • .....' 

PbA^aHfO 

Bi(N0,),.5l!,0 .... | 

CuS0 4 .6H,0 

CdS0 4 .4H s 

As.0, 

Na,HAs0 4 1211,0 

SbCl s 

SqC1,.2H,0 

8nCl4 

AgNO, 

Hg^NO^f H,0 . . . 



* a signifies that the solid substance is 
t Solid Sb,O f or K(SbO)T (Tartar emetic) 
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of the substance. Small 4 oz. wide-mouthed bottles should be kept 
stances whose number has a small s affixed to it ; these bottles should 
stance. 



Weight of solid in 

grams to be dissolved In 

one "Winchester." 



100. 
200. 
.60. 



50 

26 

• • • jftA/ • • • • • 

.... 200 (in crystals) 



26 
26 



60 



25 
25 



60 



60 
60 



60 



25 

60 
25 



10 



60 
25 



26 



25 
25 



Proportion by 

weight of 

solid to 

water. 



. .1 : 25. . 
. . 1 : 12 . . 



1 
1 



60 



. .1: 60. . 
. . 1 : 100 . . 
. . 1 : 12 . . 
. . 1 : 12 . . 

. . 1 : 12 . . 



100 
100 



60 



1 :100 
1 :100 
1 : 60 



1 : 60 
1 : 60 
1 : 60 



1 :100 
1 : 60 
1 :100 



1 :250 



1 : 60 
1 :100 



1 :100 



1:100 
1:100 



6. 

Remarks. 

[These numbers correspond to the small reference 
numbers in brackets in the second column.] 



48. The solution must be made add with a little 

HjSOfc and some clean iron nails kept in it, or. 
better, a small quantity is freshly prepared 
when required, see No. 62 (552). 

49. A little HA must be added to this solution to 

make it clear. 

60. 25 grams of Bi(NOj), must be dissolved by heat- 
ing with 25 c.c. of strong HG1 diluted with 26 of 
water; this solution is cooled and poured Into 
the bottle, and the measure made up by pouring 
in dilute HC1 containing one-twentieth of its 
Tolume of strong HC1. 

51. Dissolve 10 grams of AsjO s by heating it with 60 
c.c. of strong HC1 mixed with 60 c.c. of water, 
and dilute to the Winchester-quart. 

62. Boll excess of AsgO| for several minutes with 

2000 cc. of water, and filter into the quart 
bottle. X 

63. 28 grains of crystallized 8bCl s are dissolTed in 25 

c.c. of strong HC1 mixed with 25 c.c. of water, 
and diluted to the quart t with Ha mixed with 
four times its measure of water. 

54. Boil 25 grams of SnCl, with 60 cc. of strong HC1 

mixed with 50 c.c. of water, as soon as it has 
dissolved to a clear solution dilute to the quart^ 
Scraps of Sn must be kept in the bottle. 

55. Heat 25 grams of SnClj with 25 c.c. of strong 

HC1 and 100 c.c. of water; whilst constantly 
stirring, add KOlo, to the hot solution until the 
liquid turns yellow and CI is smelt, boil off the 
CI and dilute to the quart. f 

56. Dissolve by warming 25 grams of Hg^NOj), with 

6 c.c. of strong HNO, diluted with 114 cc. of 
water, then pour water into this solution until 
it is diluted to a quartf Keep Hg in the bottom 
of the bottle. 



not in the crystalline condition, 
may be used for the blowpipe reaction. 

31* 



X Winchester-quart. 
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654. Solutions for the 

Refer to the note at the head of the preceding table, which is also 
amongst the reagents (550-552) and the solutions for the reactions of 



l. 

Reference 
Dumber. 



130. . 
131.S. . 

132.1. . 

133.8. . 
I 134. . 
I 136. . 
! 136.S. . 

; 137.S.. 

, 138.S.. 
, 139.8. . 
I liU. 
, 1U.S.. 
142. . 
, 143 . . 

| 111.8. . 

, 145 . . 

146.S. . 

! 147.8.. 
118 . . 
149.S. . 
160. . 
151 . . 
152. 
153.S.. 

154.8.. 

156.8. . 



2. 

Name. 

[The small numbers in brackets refer to the corre- 
sponding numbers in the sixth column.] 



Sodium sulphate 

{Sodium carbonate ( w ) .... 
Marble (calcium carbonate) ( w ) 

f Ferrous sulphide (**) 

1 Ammonium sulphide ( M ) . . . 

Acid sodium sulphite 

Sodium thiosulphate 

Sodium hypochlorite (*•) . . . 

Potassium nitrite (a) 

Potassium nitrate 

Potassium chlorate ... 

Sodium chloride (*>) 

Sodium bromide 

Potassium iodide 

Sodium phosphate 

Sodium arsenate (**) 

Borax (*) 

Potassium bichromate .... 

f Sodium silicate (») : 

(Silica (white sand) 

Fluor-spar (calcium fluoride) . 

Hydrofluosilicic acid ( M ) . . . 

Potassium cyanide (*) .... 

Potassium ferrocyanide .... 

Potassium ferricyanide • . . . 

Potassium sulphocyanlde . . . 

Ammonium oxalate ( M ) .... 

t Tnrtarlc acid («) 

1 Sodium tartrate (**) 

Sodium acetate (**) 



3. 



Formula. 



NajSO^lOHjO 
NaHCO,. . . 
CaOO,. . . . 
FeS 



AnifS . . . . 
KaHSOt . . . 
NaAO t .5H,0 
Na,Cl,0 . . . 
KNO, .... 

KNO, .... 
KClOj. . . . 
NaCl .... 
NaBr . . . . 
KI 



Na 3 HP0 4 .12H 1 
Na s HAs0 4 .12H s O . 
NajBiOy.lOHjO . . 

K,Cr,Ot 

Na,Si0 8 

810, 

OaFj 

HsSiF, 

KQy 

^FeCy^HjO . . 
KsFejQy,, .... 

KCyS 

Am s C l 4 .2H s O . . 

H,f 

Na,f.2S,0 . . . 
NaA^HjO .... 



•See No. 13 (560). 
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applicable to this. Many of the solutions in this list are already prepared 
metals (553). 



4. 

Weight of solid in grams 
to be dissolved in one 
Winchester-quart. 



85 



. 100. 
. 100. 

. 100. 
. 100. 
. .60. 
. . 60 . 
. .60. 
. .12. 
. .60. 
• . 60 . 

. .26. 



In fine powder 



5. 

Proportion by 

weight of 
solid to water. 



1: 100 



60 


. . 1 : 60 . . . 


26 


. . 1 : 100 . . . 


26 


. . 1 : 100 . . . 


26 


. . 1 : 100 . . . 







1: 26. . 
1: 26. . 



26. . 
26. . 
60. . 
60. . 
60. . 
200. . 
60. . 
60. . 



1:100 



6. 

Remarks. 

[The numbers correspond to the omall reference 
numbers in brackets In the second column.] 



57. The NaHOOg is required only in the solid 
form, and can be taken from the reagent 
bottle on the working bench, No. 18 (660). 

The marble is kept in small pieces as 
large as a pea ; it is found in reagent bottle 
No. 79 (562). 

68. The FeS is kept as a solid in small pieces as 

large asa pea. 

The AnifS can be taken from reagent 
bottle No. 7, on the working bench. 

69. Strong "Liquor Sod® Chlorinate," diluted 

with an equal measure of water. 
00. No. 102, paragraph 553. 
61? No. 121, paragraph 553. 

62. No. 19, paragraph 550. 

63. The solution is made by dissolving 100 grams 

of the thick syrup, sold as "soluble glass," 
in water, and diluting to the Winchester- 
quart. The solid substance to be used is 
sand finely ground. 

64. No. 36, paragraph 551. 

65. No. 42, paragraph 551. The solution do- 

composes by keeping, a little solid is dis- 
solved when required. 

66. No. 9, paragraph 550. 

67. No. 30, paragraph 551. 

66. 123 grams of H 2 f are dissolved by heat in 500 
c.c. of water, the hot solution is exactly 
neutralized with solid NagCOa, an< * then di- 
luted to a Winchester-quart 

69. A little of the solid substance (see No. 41, 
661) is dissolved, when required, in water. 
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658. TEST SUBSTANCES AND REAGENTS FOB THE BABEB ELEMENTS (489), 

AND ORGANIC SUBSTANCES (504). 

Only those substances and reagents are entered here which do not occur to the preceding 
A small quantity of solution is made when required. 



Test Substakoib. 


BxAenm. 

Potassium bicarbonate, solution .... KHOOj 
Potassium bisulphate, solid KH80 4 

Hydrogen peroxide, dilute acid solution. HjO, 
Barium peroxide, in fine powder . . . BaO| | 
Calcium sulphate, in fine powder . . . OaS0 4 


Ammonium molybdate .... AmgMoO^ 


Uranium nitrate UOtfNOg)* 


Sodium citrate Na^HA 

Ammonium succinate .... Am^It^ 
Ammonium bensoate .... AmCjH&Oj 

Gallic acid (^HeO* 


Mercuric nitrate, neutral solution . . HgfNog)! 

Potassium bicarbonate, solution . . . KHOOg j 
Iodic acid, solution (1 : 15) HIO, ' 


Cinchonine sulphate .... — 
Morphine hydrochlorute . . — — 


Glucose (C-H,«0«)» 
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566. Chemicals Required for Section II. 

In the following list those substances which are used for 
Section II. only are marked by letters of the alphabet. The 
bottles containing these substances should be arranged apart 
in alphabetical order. Against others a number is placed; 
this indicates that the substance is used for analytical purposes, 
and will therefore be found, together with any necessary de- 
scriptive remarks, in one of the preceding lists (550-554). 

. All numbers below 22 refer to bottles standing on the shelves 
above the working bench. If a substance is required for more 
than one experiment, its entry is not repeated. 



Letter or 
number of 
reference. 



A. 

20. 
B. 
C. 
67. 
D. 

21. 

69. 

E. 



63. 

64. 

F. 

26. 

G. 
H. 

I. 

J. 
K. 

L. 
M. 
32. 

N. 

O. 
P. 

0- 
B. 
S. 
T. 
U. 
V. 

3. 
46. 
W. 

6. 

9. 
17. 

7. 
39. 



Name. 



Mercuric oxide . . 

Potassium chlorate 
Manganese dioxide 
Wood charcoal . . 
Lime-water . . . . 
Sulphur 



f Litmuaand turmeric ) 

1 W»n J 

Potassium dichromate . 
Phosphorus 



Potassium iodide. . 

Starch powder. . . 

Granulated zinc . . 

Hydrochloric acid . 

Calcium chloride . 

Marble 

Hydrochloric arid . 

Litmus solution . 

Copper 

Nitric acid .... 

Ammonium chloride 

Slaked lime . . . 
f Strong ammonia so- 
\ lution 

Oxalic acid . . . 

Sulphuric acid . . 

Sodium hydrate . . 

Manganese dioxide 

Oil of turpentine . 

Dutch metal . . . 

" Turkey red '• . . 

Sodium chloride . . 



Nitric acid .... 
Silver nitrate . . 
Ammonium nitrate 
Ammonium hydrate 
Ammonium oxalate 
Barium chloride . . 
Ammonium sulphide 
Potassium nitrate . 



} 



Formula. 



HgO 

KCIO, 
MnO, 

OatHO), 
S 



K,CtA 



KI 

Zn 

HC1 
OaCI, 
CaOO, 

HC1 

Cu 

HNO, 

NH 4 C1 

Ca(HO), 

NH 4 OH 

KaHO 
MnO, 



NaCl 

HNO. 

AgNO, 
NH 4 NO, 
NH 4 HO 

(NH 4 )^ 
KNO, 



Remarks. 



The orange-colored predpituUd oxide 
is best. 



Commercial oxide in powder. 
In pieces as large as a hazel-nut. 

Pieces of roll sulphur as large as a 
pea. 



Pieces as large as half a pea, kept 
in a stoppered bottle, under wa- 
ter. 



Not necessarily pure. 

Strong, pure. 

Fused solid, in small pieces. 

In small pieces. 

Strong, commercial. 

Turnings, clippings or filings. 
Strong, commercial. 
Solid, commercial. 



Liquor ammonite fortissima. 

Solid, in crystals. 
Strong, commercial. 
Strong solution In water. 
In small pieces. 



Leaf from a small book. 
In strips. 

In pieces ns large a hazel-nut broken 
from a lump of rock salt. 



Solid, in small pieces. 
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557. Chemicals Required for Section III. 

All the substances, with those exceptions* only which 
are named in this list, are required either for analytical 
purposes and are tabulated in paragraphs 550-554, 
where they may be found by the number placed in the 
first column; or they are already entered on the list of 
substances required for experiments on the gases (556), 
where they may be found by the reference letter in the 
first column. A letter s affixed to the number of refer- 
ence indicates that the substance is required in the solid 
condition; see note at heading of 553. 



Number or 

letter of 

reference. 



39. 

118j. 

79. 

2. 
45. 

3. 
17. 

8. 

1. 
A. 
M. 

100J. 

ia 

B. 

19. 
62j. 
102. 

110.8. 

118a 
6. 

21. 



Name. 



Potassium nitrate . . 

Copper sulphate . . . 

Marble 

Hydrochloric add . . 

Copper 

Nitric acid 

Barium chloride . . . 

Ammonium carbonate 

Filter paper 

Sulphuric acid . . . . 

Mercuric oxide . . . . 

Ammonium chloride , 

Potassium chloride . . 

Sodium carbonate . . 

Manganese dioxide . . 

Borax 

Ferrous sulphate . . , 

Sodium chloride . . . 

Wood charcoal . . . . 

Lead acetate . . . . , 

Copper sulphate . . . 

Ammonium hydrate . 
f Litmus paper . . . . , 
I Turmeric paper . . , 

Zinc oxide 



Formula. 



KNQ* 

CUSO4.6H4O. 

OaCOa. 

HC1. 

Cu. 

HNO,. 

BaCl,.2HjO. 

Am*CO». 

In sheet, or eat 

rLjSO* 

HgO. 

NH 4 CL 

KC1. 

NajCCV 

MnO* 

Na-BA. 

FeSO 4 .7H < 0. 

NaCl. 

C _ 

PbA^HjO. 

CUSO4.6H4O. 

NH 4 HO. 



ZnO. 



* The exceptions are filter paper (531), wood charcoal (533) and sine 
oxide. 
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SUBSTANCES TO BE GIVEN FOR ANALYSIS 
BY THE PRECEDING TABLES. 

It must be understood that the substances mentioned below 
are merely brought forward as examples of what may be given 
to the student for analysis; the teacher will use his own judg- 
ment in adopting and extending the list. 



substance8 for analysis whilst trying through 
the Reactions for Metals and Acid Radicles. 

558. After working through the reactions for a group 
of metals or acid radicles, a few unknown substances con- 
taining only one member of the group are tested, and the 
number of members present is gradually increased in 
those subsequently given. It is well to keep these sub- 
stances in tlie dissolved state (553, 554), since they are 
intended mainly to afford practice in separation and de- 
tection according to the group tables, and the time spent 
by the student in preparing the solution would therefore 
be wasted. Occasionally, however, a solid substance 
may be given in which the metal or acid radicle present 
is to be detected by blowpipe tests or by other tests made 
on the solid substance. The following will serve as ex- 
amples : — 



Group V. 




Group IV. 


Solution of NaOl 


Solution of BaCl t .2H-0 


" " NH 4 Cl 


M 


•• SrfNOjMHjO 
•« CaClj.6H,0 


" "• KCI 


II 


" " NaCl + KCI 


if 


" 8r(N0,),.4H,0 
+ CaCL.6H-0 

" BaCI..2H a O-h 
Sr(N0 8 ) 2 .4H,0 
+(^01,611,0 


" " NaCl+NH 4 Cl+ 




KCI 


• i 


« " NaCI+NH 4 Cl 




•« " MkS0 4 .7H.O + 
NaCl+KCl 




If 


" BaCL.211,0 f 
8r(NO,V4HjO 


SolidM : NaH, NH 4 C1, KCI, 






AmCl+NaCl, Ac 







Group m.b. 

Solution of ZnS0 4 .7H-0 
MnCl, 
NiS0 4 .7H,0 



t« 



11 
11 



ii 



Co(NO,) s .6H-0 
MuCl, + ZnS0 4 .7H s O 
Co(NO,)..6H 1 + 
Ni80 4 .7H a O+ 
Zn 804.711,0 . 
Ac., Ac., Ac. 

SolicU: MnCl* NIS0 4 .7H fl O, 
CoCNOj^-eHjO. 
ZnS0 4 .7HjO, Ac. 
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SUB8TANCES FOR ANALYSIS BY THE DIRECTIONS CON- 
TAINED in Section V. 

559. Any one of the solutioas named in paragraphs 
553, 554 may be given for analysis by Section V., some 
of them being neutral, some acid and others alkaline in 
reaction. The following more difficult solutions with 
acid or alkaline reaction may also be added to the list : — 



Acid, 


Alkaline. I 

t 


Ca*(P0 4 V "Bone-ash" dissolved in 

dilute HCI. 
BaC t 4 dissolved in dilute HCI. 
Mg(BOj)j* " " HCI. 
BaCr0 4 " " Ha 


KSbOs dissolved in water. 

Na,SiO» solution of "soluble glass." 

NasSnOa, " preparing salt " of the dyer. 



Any of the solid salts which were dissolved in order to 
prepare the solutions in paragraphs 553, 554 may be 
given for analysis as solid substances by 331 et seq. 

As examples of substances possessing metallic appear- 
ance (366), the following may be mentioned as suitable 
for analysis : — 



Zn, in pieces or filings. 
Pb " " 

FeSf, Iron Pyrites. 



NlAs. Kupfernickel. 
Graphite, or Black Lead. 
Iron filings. 



As insoluble substances which require to be exam- 
ined by 367 et seq. } the following may oe given for anal- 
ysis : — 



Ba80 4 . 

PbSO* 

AgCl. 

8n0» Tinstone. 


CaFt, Fluor spar. 
FeCrgO* Chrome Iron Ore. 
8, as pieces of roll sulphur. 
C, as powdered wood charcoal or plum- 
bago. 



* Made by mixing hot solutions of NaeBtOr and Mg(N0 1 ) t . 
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Solid Substances to be analyzed by the Prelim- 
inary Examination in Section VI. 

560. For the preliminary examination for metals 
(385) :— 



Simple. 



NH 4 C1 
Hg0l« 

KNO, 
Cr,O a 



PWNO a ), 

NaCl 

BaCl 2 .2H-0 

Sr(N0 3 )j.4H a O 

CuS0 4 .6H*O 

(See note.) 



ZnS0 4 .7H,O 

MnCl, 

CofNOg^eHjO 

NiS0 4 .7H a O 

Sn0 9 



Complex. 



AniCl+NaCl 



HgCL+BaCL^HjO 
MnCI, -KC1 



K( 
NiS0 4 .7H 2 0+ 
ZnS0 4 .7H,0 



A1K(S0 4 ) 9 .12H0 
SnOj f 8r(N0 8 ) 2 .4H 2 
CaCO a f ZnS0 4 .7HtO 

Or«0 8 +MnCI 8 -t- 
NaCl 



Note. — Best finely powdered, since its color is then almost 
destroyed. 

For the preliminary examination for acid radicles 
(410) :— 



8imple. 


Complex. 


CaOOj 

CnCljO 
NaCl 


FeS 
KNO s 
KCIO3 
KI 


NajS s 3 .5H s O 
NaA 


CaOOj+KNO, 
CaCUO+CaF. 
NasCOg+KI 



A few of the above-mentioned solids may then be ex- 
amined by both preliminary examinations for both 
metals and acid radicles. 



Substances to be analyzed by the General 

Course in Section VI. 

561. The following lists are so arranged that the 
analysis of the substances contained in them is more dif- 
ficult in each column proceeding from left to right, and 
usually also in proceeding in one and the same column 
from top to bottom. For examples of alkaline solu- 
tions, see 559. 
82 
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561. Substances for Analysis by the General 

Course. 



i. 

Simple soluble 
substances. 



BaCl 2 .2H 2 
MnClj 
HgCl a 

MgS0 4 .7H 2 
KC1 

NiSO 4 .7II 2 
♦CaCoa 
Pb(N0 3 ) 2 
*Ab,0, 
Fe 2 Cl« 
NH 4 C1 
NaCl 
Ac, Ac. 



Complex soluble substances. 



CaCl,. 611,0 + BaCl 2 . 2HjO 4- Sr(N0 3 ) 2 . 4H 2 
A1K(S0 4 ) 2 .12H 2 +CrK(S0 4 ) 2 .12H 2 
MnCl 2 4-ZnS0 4 .7H 2 0+CuS0 4 .6HjO 
Pb( N0 3 ) 2 + H gCl 2 4 NaCl 
* Asj0 3 +CaC0 3 + BaCO, 
•ZnO j-MgCOa+KClO, 
*MgC0 3 + BaC0 3 + PbCO t 
Ac, Ac. 



3. 
Complex soluble 
substances. 



f FesCl* 
J MuCU 
1 ZnS0 4 .7H«0 

Ikci 

\ CrKtSO^KHjO 
t CoCNOjJt.eHjO 

Hg-CNOsWHaP 
8^X0^.40-0 
KNO ? 

Bi(NU,),.5H^) 
Ac., Ac 



{ 



Substances yielding a 

phosphate precipitate 

in Group III. 



CaCl .GH 2 
Fe.,('I fl 



( Na 1 HPO 4 .12H«0 

BaCl«.2H 2 
MgCl, 
Fe„('l fi 
Ni4lIP0 4 .12II t p 

Co(NO 3 ),fiH 2 

rii('i,.()ii 2 o 

Mn(1, 

<*rK(SO 4 V..12II 2 
t Nu 2 IIPO i ri2H 8 

Ac, Ac. 



6. 

Substances partly or 
entirely insoluble. 



BaS0 4 

SiO.,  S 

BaS0 4 +CaF 2 4-Sn0 8 

(Ban n .2Ho0. 
I A1K(S() 4 C.12H 2 
lAgXO, 

r 

P»kS0 4 i BaS0 4 
PbCrU 4l ignited 



Metallic n&*tmwe$ (467 ft sag.) 
Iron pyrites (FeSj) 
Iron filings (Fe) 
Zinc dippings (Zn) 
Brass filings (<*u «• Zn) 
German silver (Cu + Zn -|-Ni) 
Bronze (Ou  Sn) 
Type-metal (Sb + Sn + Pb) 



Silirate* (4H0)— 
Fire-clay (AUO,.2SiO.) 
Bn>wn-elav (do. -»-Fe) 
Window-glass (Xa, ('«, SKU 
Flint-glass (EM», K, SiO.) 



Cyanogen compound* (482)— 
Any of the foregoing which 
has been mixed with KCy, 
KCvS. K 4 FeTv e .:iH„O t 



• To be given in the solid state. 
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582. LIST OF CHEMICAL ELEMENTS, WITH THEIR 
SYMBOLS AND ATOMIC WEIGHTS. 

The words in brackets are the Latin names of the elements 
from which the symbols have been derived. 



Name. 



Symbol Atomlc 
»> mU01 - Weight. 



Aluminium .... 


Al 


27-1 


Antimony (stibium) 


Sb 


12H-2 




As 


751 




Ba 


137 




Be 


91 




Hi 


2i '8 




B 


11 




Br 


80 




Cd 


112-1 




Ca 


1329 




Ca 


40-1 




C 


12 




Ce 


140-7 




CI 


35 5 




Cr 


62 1 




Co 


69 


Copper (cuprum) . . 


Cu 


63.3 




D 


142-6 




E 


166-3 




F 


19 


Gold (iiurum) . . . 


Au 


196-6 




11 


1 




In 


113-7 




I 


126-8 




Ir 


1931 


Iron (ferrum) . . . 


Fe 


66 


Lanthanum .... 


I* 


138-3 


Lead (plumbum) . . 


Pb 


207 




L 


7 


Magnesium .... 


Mg 


24 


Manganese ... 


Mu 


65 


31eirury (hydrar- ) 
gyrum) .'.../ 


Kg 


200 2 




I 



Molybdenum . . . 

Nickel 

Kioliium 

Nitrogen 

Osmium 

Oxygen 

1'iti Indium . . . . 
Pluwphtorus . . . . 

Platinum 

Potassium (kaliuni) 

Rhodium 

Rubidium 

Ruthenium . . . . 

Selenium 

Silicou 

Silver (argentum) . 
Sodium (natrium) . 
Strontium . . , . 

Sulphur 

Tantalum 

Tellurium . . . . 

Thallium 

Thorinum . . . . 
Tin (etannuni) . . . 

Titanium 

Tungsten (wolfra-) 
mitim) .... j 

Uranium 

Vanadium .... 

Yttrium 

Zinc 

Zirconium .... 



Symbol. 


Atomic 
Weight. 


Mo 


95-7 


Hi 


68 1 


Nb 


94 


N 


14 


08 


199 





10 


Pd 


106 


P 


31 


Pt 


194 


K 


391 


Ro 


1 4 3 


Rb 


86-6 


Ru 


Ki4-5 


Se 


79 


Si 


28-3 


Ag 


107-9 


>a 


23 


8r 


87-6 


S 


32 1 


Ta 


182-6 


Te 


1282 


Tl 


2(4-2 


Th 


232-5 


Sn 


118 


Ti 


48 


W 


184 


IT 


239 


V 


614 


Y 


891 


Zn 


65 


Zr 


89-6 



563. THERMOMETRY SCALES. 

There are two different thermometric scales in use in this 
country, the Centigrade and Fahrenheit; the former of these is 
rapidly becoming universal for scientific purposes. The two 
scales are mutually convertible by the following formulae, in 
which F.° represents a temperature on the Fahrenheit scale, 
C.° a temperature on the Centigrade scale : — 



(F.° — 32) = 
C.° + 32 



= C.°) 
= F.°| 



The temperatures occasionally referred to in this treatise are 
given on the Centigrade scale. 
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WEIGHTS AND MEASURES. 

564. The corresponding values of the French and English 
weights and measures are nere given; the use of the French or 
decimal system is strongly recommended by its extreme sim- 
plicity, since the smaller denominations are obtained by taking 
a tenth, hundredth, thousandth, Ac., of the unit chosen, and are 
designated by the Latin prefixes deci-, centi-, milli-, &c., whilst 
the nigher denominations are 10 times, 100 times, 1000. &e., 
times the unit, and are named by the Greek prefixes deca-, 
hecto-, kilo-, &c. ; examples of this will be 'found in the tables 
given below. 

The starting-point of the French system is the " metre " 
(=39*37 inches) ; this is the "unit of length." The "unit of 
measure " is the " litre," which is one cubic decimetre : the 
" unit of weight " is the gramme, which is the weight of 1 cubic 
centimetre of distilled water at 4° C. 

The chief conveniences arising from the use of this system 
are: — 

1st. That all the different denominations can be written as 
one, since they are either multiples by ten or are decimal frac- 
tions of the unit. Thus 5 decagrams, 3 grams, 4 decigrams, 8 
milligrams would be written 53*408 grams. 

2nd. That since 1 cubic centimetre of water at 4° C. weighs 
1 gram, we may obtain the weight of water to be used from the 
measure by simply converting the measure into cubic centime- 
tres ; the number thus obtained will represent at once the cor- 
responding weight of water in grams. Of course this conver- 
sion is strictly accurate only when the water is measured at 4° 
C, but for ordinary purposes the error introduced when the 
water is at the temperature of the air is too small to be of any 
importance in the preparation of solutions. 

The weights and measures most frequently used for chemical 
purposes arc the gram, the millimetre (m.m.), the litre, and the 
cubic centimetre (c.c), which is jfa of a litre. 



lb. 
1 


ENGLISH WEIGHT 

Apothecaries' Weight. 

07.. drms. scruples, grains. 

. Vi a 96 — 288 = 6760 

1 « 8 =- 24 =» 480 

1 — 3 — 60 

1 - 20 


S AND MEASURES. 

Atoibdupois Weight. 

lb. oz. drms. grain*, 
1 — 16 -a 2fi6 — 7000 
1 - 10 = 437*5 
1 - 27-348 




Impkrial 

gallon pints 

1 = 8 = 
1 - 

1 gallon «• 
1 Bold ounce » ^ pint = 
1 gallon » 277- 
1 fluid ounce « 1* 


Measure. 

fluid oe. fluid drms. 
160 = 1280 
20 « 160 
1 « 8 
70,00(1 grains of water at 16*7° CL 
437-6 •• «» *• 
280 cubic inches. 
733 M 
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FRENCH WEIGHTS AND MEASURES. 



MEASURES OF LENGTH. 


ENGLISH. 






metre. 


inches. 


mile, furlong, yards. 


feet, inches. 


Millimetre = 


0001 « 


•<j3937 = 


• • • 


•03937 


Centimetre = 


01 = 


•39371 = 


• • • • •  


•39371 


Decimetre = 


01 = 


393708 = 


• •  


. 3-9371 


Metre = 


1-0 = 


39 37079 = 


• • • • • • 


3 3-371 


Decametre = 


10-0 = 


393 70790 = 


10 


2 9-7 


Hectometre = 


100-0 = 


3937-07900 = 


109 


1 1 


Kilometre = 


1000-0 = 


39370-79000 = 


4 213 


4 10-2 


Myriometre=- 10000*0 a 393707-90000 = 


6 1 156 


6 


1 inch = -0251 metre. 






1 foot = -3048 


*t 





MEASURES OF CAPACITY. 
1 litre — 1 cubic decimetre. 







litre. 




cubic inches. 


pints. 


fMillilitre, or 

( Cubic centimetre(c.c) 


} = 


•001 




— -06103 


— 0-00176 


Centilitre 




■01 




— -61027 


— 0-01761 


Decilitre 


— 


1 




— 61027 


— 017608 


Litre 


«x> 


1-0 




— 61-027 


— 1-76077 


Decalitre 


«■ 


100 




— 610-27 


— 17-60773 


Hectolitre 


— 1000 




— 6102-7 


— 176-07734 


Kilolitre 


— 1 10000 




— 61027 


— 1760 77341 


Myriolitr© 


— 1 10000*0 




— 610270-0 


—17607-73414 




1 cubic inch — 


•01639 litre. 






1 cubic foot — - 


28-31531 litre*. 






1 gallon — 


4-54336 " 





MEASURES OF WEIGHT. 
1 gram — the weight ol 1 cubic centimetre (c.c.) of water at 4° 0. 





grams. 




grains. 


Avoirdupois, 


Milligram 


— -oni 




— O-i il543 




Centigram 


— 01 




— 0i:»432 




Decigram 


— -1 




— 1-54323 




Gram 


— l-o 




— 15-43235 


lbs. ox. drms. 


Decagram 


— 10-0 




— 154-32349 


— 6-66 


Hectogram 


— 1000 




-= 1543-23488 


— 3 8-6 


Kilogram 


— 1000-0 




— 15432 34880 


— 2 3 6 


Myriogram 


— 100000 




— 16432:) -48800 


— 22 1 2 




1 grain 


— 0*0649 gram. 






1 oz. (Troy) 


— 31-1036 grams. 






1 lb. (Avoirdupois) 


— 463-693 " 





32* 
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ABBREVIATED formula* and words 75 
Acetates, reactions of 176 

Acetic acid " " 176 

Acid, test for an 54 

Acid radicles, detection of, in simple substances .... 188, 195 
11 " detection of, in complex substances . 231, 258 

M " reactions of 135 

Acids, removal from clothes 85 

Albumen, reactions of 812 

Alcohol, " " 810 

Alkaline reaction 54 

Alloys 270 

Aluminium, reactions of 93 

Ammonia gas, preparation of 82 

" " properties of 88 

" «' tests for 1 . . . 84 

Ammonium, reactions of 81 

Analysis of a simple liquid 186 

" " a simple solid 180 

" " a complex liquid 228 

" " a complex solid 224 

" " an alkaline liquid 190, 236 

" " cyanogen compounds 282 

" " insoluble substances 205, 275 

" " metallic substances 204, 270 

" " silicates 203, 280 

" substances for 359 

Analytical classification 71, 178 

" groups 71 

" reactions, introductory 72 

'' reactions for the metals 79, 293 

" " for the acid radicles 135, 306 

" " for alkaloids 308 

" *' for other organic substances ...... 810 

Antimony, reactions of 124 

867 
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Apparatus, cleaning of 10 
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Arsenates, reactions of 158 

Arsenic, reactions of 116 

Arsenic group, separation and detection of 129 

44 " table of differences 128 

11 " tabic of analysis 130, 131, 193, 243 

Atomic weights, list of 363 

BARIUM, reactions of „ 89 

Barium group, separation and detection of 91 

14 44 table of differences 91 

44 " table for analysis 195, 248 

Bench apparatus 318 

Bending glass tube and rod 4 

Benzoates, reactions of 307 

Beryllium, detection in analysis 302, 804 

41 reactions of • 298 

Bicarbonates, reactions of 138 

Bismuth, reactions of 0*ty 

Blowpipe table 3T7 

Blowpipe, use of 4, 57 

Borates, reactions of 161 

Borax bead 57 

Boric acid, reactions of 161 

Boring corks 7 

Bottles 343 

Bromides, reactions of 150 

Brucine, reactions of 810 

Bun sen burner 1 

CADMIUM, reactions of 113 

Ciesium, detection in analysis 803 

Ciesium, reactions of 800 

Calcium, reactions of 90 

14 sulphate, preparation of 339 

Carbon dioxide, preparation of 27 

** " properties of 28-80 

«• •« tests for 80 



INDEX. 369 



PAGE 

Carbon monoxide, preparation of 36 

" u properties of 37 

" •• tests for 37 

Carbonates, reactions of 137 

Carbonic acid, reactions of 138 

Centigrade scale 363 

Charcoal, wood 320 

Charcoal, combustion in oxygen 19 

" ignition on 59 

Chemicals, list for Section II 357 

" " for Section III 358 

" "for analytical reactions 352, 354, 356 

Chlorates, reactions of 146 

Chloric acid, reactions of 147 

Chloride group, separation and detection of 154 

Chlorides, reactions of 148 

Chlorine, preparation and properties of 37 

" water, preparation of 340 

Chromates, reactions of 162 

Chromic acid, reactions of 163 

Chromium, reactions of 96 

Cinchonine, reactions of 308 

Citrates, reactions of 306 

Classification of metals in groups 71 

" " table of 178 

Cleaning apparatus 10 
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Cobalt, reactions of 103 

Color of substances 180, 225 

Combustions in oxygen 19, 20 

Contractions, list of 75 
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" " table of differences 114 

11 «» table for analysis 193, 242 

Copper, reactions of Ill 

Corks 319 
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Cutting glass tube or rod 3 

Cyanides, reactions of 169 

Cyanogen compounds, analysis of 282 
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DECANTATION, process of 30 

Detection of gold and platinum 273 

Differences, table of; Group 1 133 

" " Group II.a 114 

«« " Group II. b 128 

" " Group III.a 97 

" " Group III.b 104 

" " Group IV. ... 91 
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Distillation of water 39, 325 

11 " nitric acid 40 
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" gases 26 
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Entry in note-book, rules for 72-75 

Entry of results, examples of 75, 83, 209, 286 
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Ethyl alcohol, reactions of 810 

Evaporation, process of • 44 

" before Group III. . 221 

FAHRENHEIT scale 363 

FerricyamMes, reactions of 172 

Ferrocyanidcs, reactions of 171 

Filtration, process of 47 

Flame colorations 61 

Fleitman's test 121 

Fluorides, reactions of 165 

Fluosilicates, reactions of 107 

Formates, reactions of 306 

Funnels 11» 318 

Fusion, process of 56 

GALLATES, reactions of 307 

Gooses, solution of 339 

General group table for metals 190, 236 

" «■ " detection of rarer metals 302 

Glass tube bending 4 

cutting 3 

drawing out 6 
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Glucose, reactions of 311 

Gold, reactions of 127 

" detection of 241, 274 

" separation from platinum 274 

Gram 364, 365 

Grape sugar, reactions of 311 

Groups, analytical 71, 178 

Group III., precipitation and analysis of ... . 199-203, 261-269 
11 table for rarer elements 304 

HEATING glass and porcelain 12 

Hydriodic acid, reactions of 145 

Hydrobromic acid, reactions of 161 

Hydrochloric acid gas, preparation of 87 

11 " tests for 38 

Hydrochloric acid, reactions of 150 

Hydrocianic acid, " " 171 

Hydrofluoric acid " " 167 

Hydrofluosilicic acid, " " 168 

11 " preparation of 341 

Hydrogen chloride gas 37 

" " preparation of 23 

" " properties of 26 

" sulphide, reactions of 139 

11 " test for 27 

Hypochlorites, reactions of 141 

Hypochlorous acid, reactions of 142 

Hyposulphites • 140 

Hyposulphurous acid 141 

IGNITION, process of 65 

" on charcoal 59 

Ignition tubes, preparation of 5 

Indigo prism 62, 320 

Indium, detection in analysis 302, 304 

" reactions of 298 

Insoluble substances, analysis of 205, 275 

Iodides, reactions of 151 

Iron group, separation and detection of 9& 

* table of differences 97 

" table for analysis 194, 244 

Iron, reactions of 94 
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LABELLING bottles 344 

Labels, varnishing of 344 

Laboratory bench 315 

fittings 313 

Lead, reactions of 109 

Levigation 60 

Lime water, preparation of 339 

Liquid reagents, dilution of 334 

Lithium, detection' in analysis 303 

" reactions of 300 

Litmus paper, use of 54 

Litre, the 364 



MAGNESIUM, reactions of 83 

Manganese " " 10O 

Marsh's test 119 

Meconates, reactions of 307 

Mercuricum " " 107 

Mercurosum " " 133 

Metallic substances, analysis of 204, 270 

Metals, examination for 190, 284 

Molybdates, detection in analysis 302 

" reactions of 295 

Morphine, reactions of 308 

Mortar, agate 225, 320 

NAKCOTINE, reactions of 310 

Neutralizing, process of 54 

Neutral reaction 54 

Nickel, reactions of 102 

Nitrates, " " 144 

Nitric acid, reactions of 145 

Nitric oxide, preparation of 31 

Nitrites, reactions of 142 

Nitrogen gas 21 

monoxide 38 

tetroxide solution, preparation of 341 

Nitrous acid, reactions of 142 

11 oxide, preparation of 38 

Notation, ohemical 78 






INDEX. 373 



PAGE 

Note-book, rules for entry in 72 

lt examples of entry 75, 209, 286 

ORGANIC acid radicles, reactions of 169, 3"(5 

Oxalates, reactions of 1 73 

Oxalic acid 171 

Oxygen gas, preparation of 17 

** " properties of 10 

" " tests for 21 

Ozone gas, preparation and test 22 

PALLADIUM, detection in analysis of 302 
" reac ions of 294 

Phosphates, reactions of 167 

analysis of 202, 268 

Phosphoric acid, reactions of . . 158 

Phosphorus, combustion in oxygen 20 

Platinum, detection of 274 

" reactions of 128 

11 separation from gold 274 

Platinum wire, mounting 6 

" " cleaning 11 

Potassium group, separation and detection 87, 88 

11 ** table of differences 86 

" " table of analysis 88, 250 

Potassium, reactions of 79 

Precipitates, drying of 51 

removal from filter 51 

washing 50 

Precipitation, process of 45 

" of Group III., remarks on 261 

t( of Group III., rules for 264 

Preliminary examination for metals i82, 186, 223, 224 

" " for acid radicles 188, 231 

« «« of cyanogen compounds 282 

«* " of insoluble substances .... 205, 276 

«« " of metallic substances 204, 270 

Prussic acid, reactions of 171 
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RARER ELEMENTS, reactions of 293 

« " tables for detection of 302, 304 

Reactions, entry of 72, 75 

Reagents, addition of, in excess 220 

" preparation of 333 

list of bench 346 

11 list of general, for metals 348 

" list of general, for acid radicles 350 

Reinsch's test 117 

Residues, silver 331 

" platinum 332 

Rose burner 2 

Rubidium, detection in analysis 303 

" reactions of 301 

Rules for working 76 

Rules for trying the analytical reactions 77 

SALICYLATES, reactions of 307 

Saturated solutions, preparation of 338, 340 

Selenates, detection in analysis 802 

" reactions of 296 

Selenites " " 296 

Selenium " " 296 

Silicates, analysis of 203, 280 

44 reactions of 163 

Silicic acid, " " 164 

Silver group, separation and detection of 134 

" " table of differences 133 

" table of analysis 192, 241 

Silver, reactions of 132 

Simple substances, analysis of 177 

Sodium, reactions of 82 

Solubility, table of 252 

Solution, process of 42, 181, 234, 271 

Solution of solid reagents 335 

Solution of gases 339 

Solutions for reactions of metals 352 

" " 4 < acid radicles 354 

Spectroscope, its use in analysis 63 

Spectrum chart 66 

Spirit lamp 3 

Starch, reactions of • 811 
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Steam oven 325, 830 

Stirring rods, preparation of 7 

Store jars 343 

Strontium, reactions of 89 

Strychnine, reactions of 809 

Sublimation, process of 5G 

Substances for analysis 359 

Succinates, reactions of 307 

Sulphates, " " 136 

Sulphides «• " 138 

Sulphites, " " 140 

Sulphocyanides, reactions of 172 

Sulphur, combustion in oxygen of 20 

Sulphur dioxide gas 38 

Sulphuretted hydrogen apparatus 321 

" " passing of 323 

44 4< reactions of 139 

14 " solution 840 

Sulphurous acid, reactions of 140 

44 44 preparation of 840 

Sulphurous oxide gas 38 

Sulphuric acid, reactions of 136 

Symbols, chemical 73, 303 

TABLE for analysis of Group I. . . 192, 241 

44 Group II.a 193, 242 

Group II.b 193, 243 

Group III.a 194, 244 

44 Group III,n 194, 245 

44 44 Group III.a-b. . . . 200, 2G5, 266, 268 

44 •« Group IV 195, 248 

44 " Group V 88, 200 

44 4t rarer substances 302, 304 

44 44 phosphates 268 

44 44 cyanogen compounds 284 

Table of solubility 252 

Tahnates, reactions of % 807 

Tartaric acid, reaction of 175 

Tartrates, reactions of 174 

Tellurates, detection in analysis- 302 

tf reactions of 297 

Tellurites, 44 4 - 297 
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Tellurium, " " 296 

Test-papers, use of 63 

Test-tubes : 318 

Test-tube brush 11 

Thallium, detection in analysis 302, 303, 304 

" reactions of 293 

Thermometric scales, conversion of 363 

Thiosulphates, reactions of 140 

Thiosulphuric acid, reactions of 141 

Tin, reactions of 126 

Titanium, detection in analysis 303, 304 

" reactions of 298 

Tungstates, detection in analysis 302 

" reactions of 294 

Turmeric paper, use of 64 

URANIUM, detection in analysis 303, 804 

" reactions of 297 

Urates, reactions of 807 

Urea, " " 812 

Uric acid, reactions of 807 

VANADIUM, detection in analysis 303 
«• " reactions of 299 

Varnishing labels 344 

WASH-BOTTLE • . . . . 8 

Washing gases • 86 

Washing precipitates 60, 221 

** residue on charcoal 60 

Water-bath . 320 

Water, distillation of 39, 324 

" distilling apparatus 325, 827 

Weights and measures, French and English 304 

ZINC GROUP, reparation and detection of 106 
" " table of differences 104 

•' " table for analysis 194, 246 

Zinc, reactions of 99 

THE END. 
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— A PRACTICAL TREATISE ON THE DIAGNOSIS AND 
TREATMENT OF DISEASES OF THE HEART. Second edition, 
enlarged. In one octavo volume of 550 pages. Cloth, $4. 

— A PRACTICAL TREATISE ON THE PHYSICAL EXPLO- 



RATION OF THE CHEST, AND THE DIAGNOSIS OF DIS- 
EASES AFFECTING THE RESPIRATORY ORGANS. Second 
and revised edition. In one octavo volume of 591 pages. Cloth, $4.50 

— MEDICAL ESSAYS. In one 12 mo. vol. of 210 pages. Cloth, $1.38 



ON PHTHISIS : ITS MORBID ANATOMY, ETIOLOGY, ETC 

A Series of Clinical Lectures. In one 8vo. volume of 442 pages 
Cloth, $3.50. 

FOLSOM (C. F.). AN ABSTRACT OF STATUTES OF U. 8 
ON CUSTODY OF THE INSANE. In one 8vo. vol. of 108 pages 
Cloth, $1.50. Also bound with Clouston on Insanity. 

FOSTER (MICHAEL). A TEXTBOOK OF PHYSIOLOGY. Fifth 
and revised American from the fifth English edition. In one large 
octavo volume of 1064 pages, with 316 engravings. Cloth, $4.50; 
leather, $5.50. Just ready. 

FOTHERGILL (J. MTLNER). THE PRACTITIONER'S HAND- 
BOOK OF TREATMENT. Third edition. In one handsome octavo 
volume of 664 pages. Cloth, $3.75 ; leather, $4 75. 

FOWNES (GEORGE). A MANUAL OF ELEMENTARY CHEM- 
ISTRY (INORGANIC AND ORGANIC). Twelfth edition. Em- 
bodying Watts' Physical and Inorganic Chemistry. In one royal 
12mo. volume of 1061 pages, with 168 engravings, and 1 colored 
plate. Cloth, $2.75 ; leather, $3.25. 

FOX (TILBURT AND T. COLCOTT). EPITOME OF SKIN 

DISEASES, with Formula. For Students and Practitioners. Third 
American edition, revised by T. C. Fox. In one small 12mo. volume 
of 238 pages. Cloth, $1.25. 
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FRANKLAND (E.) AND JAPP (F.R.). INORGANIC CHEMISTRY. 
In one handsome octavo volume of 677 pages, with 51 engravings and 
2 plates. Cloth, $3.75 ; leather, $4.75. 

FULLER (HENRY). ON DISEASES OF THE LUNGS AND AIR 
PASSAGES. Their Pathology, Physical Diagnosis, Symptoms and 
Treatment. From second English edition. In one 8vo. volume of 475 
pages. Cloth, $3.50. 

GANT (FREDERICK JAMES). THE STUDENT'S SURGERY. A 
Multum in Parvo. In one square octavo volume of 845 pages, with 
159 engravings. Cloth, $3.75. 

GIBBES (HENEAGE). PRACTICAL PATHOLOGY AND MOR- 
BID HISTOLOGY. In one very handsome octavo volume of 314 
pages, with 60 illustrations, mostly photographic. Cloth, $2.75. 

GIBNEY (V. P.). ORTHOPEDIC SURGERY. For the use of Practi- 
tioners and Students. In one 8vo. vol. profusely illus. Preparing. 

GOULD (A. PEARCE). SURGICAL DIAGNOSIS. In one 12mo. 
vol. of 589 pages. Cloth, $2. See Student'* Series of Manuals, p. 14. 

GRAY (HENRY). ANATOMY, DESCRIPTIVE AND SURGICAL. 
Edited by T. Pickering Pick, F.R.C.S. A new American, from the 
thirteenth English edition, thoroughly revised. In one imperial octavo 
volume of 1118 pages, with 636 large and elaborate engravings. Price, 
with illustrations in colors, cloth, $7 ; leather, $8. Price, with illus- 
trations in black, cloth, $6 ; leather, $7. Just ready. 

GRAY (LANDON CARTER). A TREATISE ON NERVOUS AND 
MENTAL DISEASES. For Students and Practitioners of Medicine. 
In one handsome octavo volume of 681 pages, with 168 engravings. 
Cloth, $4.50 ; leather, $5.50. 

GREEN (T. HENRY). AN INTRODUCTION TO PATHOLOGY 
AND MORBID ANATOMY. Sixth American from the seventh 
London edition. In one handsome octavo volume of 540 pages, with 
167 engravings. Cloth, $2.75. 

GREENE (WILLIAM H.). A MANUAL OF MEDICAL CHEM- 
ISTRY. For the Use of Students. Based upon Bowman's Medical 
Chemistry. In one 12mo. vol. of 310 pages, with 74 illus. Cloth, $1.75. 

GROSS (SAMUEL W.). A PRACTICAL TREATISE ON IMPO- 
TENCE, STERILITY, AND ALLIED DISORDERS OF THE MALE 
SEXUAL ORGANS. Fourth edition. Edited by F. R. Sturgis, M.D. 
In one handsome octavo vol. of 165 pages, with 18 illus. Cloth, $1.50. 

GROSS (SAMUEL D.). A PRACTICAL TREATISE ON THE DIS- 
EASES, INJURIES AND MALFORMATIONS OF THE URINARY 
BLADDER, THE PROSTATE GLAND AND THE URETHRA. 
Third edition, thoroughly revised and edited by^ Samuel W. Gross, 
M. D. In one octavo vol. of 574 pages, with 170 illus. Cloth, $4.50. 

HABERSHON (S. O.). ON THE DISEASES OF THE ABDOMEN, 
# comprising those of the Stomach, (Esophagus, Caecum, Intestines 

and Peritoneum. Second American from the third English edition. 

In one octavo volume of 554 pages, with 11 engravings. Cloth, $3.50. 

HAMILTON (ALLAN MOLANE). NERVOUS DISEASES. THEIR 
DESCRIPTION AND TREATMENT. Second and revised edition. 
In one octavo volume of 598 pages, with 72 engravings. Cloth, $4. 

HAMILTON (FRANK H.). A PRACTICAL TREATISE ON FRAC- 
TURES AND DISLOCATIONS. Eighth edition, revised and edited 
by Stephen Smith, A. M v M. D. In one handsome octavo volume of 
832 pages, with 507 engravings. Cloth, $5.50 ; leather, $6.50. 

HARDAWAY (W. A.). MANUAL OF SKIN DISEASES. In one 
1 2mo. volume of 440 pages. Cloth, $3. 
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HARE (HOB ART AMORY). A TEXT-BOOK OF PRACTICAL, 

THERAPEUTICS, with Special Reference to the Application of 
Remedial Measures to Disease and their Employment upon a Rational 
Basis. With articles on various subjects by well-known specialists. 
New (4th) edition, revised and enlarged. In one octavo volume of 
740 pages. Cloth, $3.75 ; leather, $4.75. Just ready. 

HARE (HOBART AMORY), EDITOR. A SYSTEM OF PRAC- 
TICAL THERAPEUTICS. By American and Foreign Authors. In 
a series of contributions by 78 eminent Physicians. Three large octavo 
volumes comprising 3544 pages, with 434 engravings; Price per 
volume, cloth, $5 ; leather, $6 ; naif Russia, $7. For sale by sub- 
scription only. Address the publishers. 

HARTSHORNE (HENRY). ESSENTIALS OF THE PRINCIPLES 
AND PRACTICE OF MEDICINE. Fifth edition. In one 12mo. 
volume, 669 pages, with 144 engravings. Cloth, $2.75 ; half bound, $3. 

A HANDBOOK OF ANATOMY AND PHYSIOLOGY. In one 



12mo. volume of 310 pages, with 220 engravings. Cloth, $1.75. 
A CONSPECTUS OF THE MEDICAL SCIENCES. Comprising 



Manuals of Anatomy, Physiology, Chemistry, Materia Medica, Prac- 
tice of Medicine, Surgery and Obstetrics. Second edition. In one royal 
12mo. vol. of 1028 pages, with 477 illus. Cloth, $4.25 ; leather, $5. 

HERMAN (G. ERNEST). FIRST LINES IN MIDWIFERY. In 
one 12mo. vol. of 198 pages, with 80 engravings. Cloth, $1.25. See 
Student 1 8 Series of Manuals, p. 14. 

HERMANN (L.). EXPERIMENTAL PHARMACOLOGY. A Hand- 
book of the Methods for Determining the Physiological Actions of 
Drugs. Translated by Robert Meade Smith, M. D. In one 12mo. 
volume of 199 pages, with 32 engravings. Cloth, $1.50. 

HILL (BERKELEY). SYPHILIS AND LOCAL CONTAGIOUS 
DISORDERS. In one 8vo. volume of 479 pages. Cloth, $3.25. 

HILLIER (THOMAS). A HANDBOOK OF SKIN DISEASES. 
Second edition. In one royal 12mo. volume of 353 pages, with two 
plates. Cloth, $2.25. 

HIRST (BARTON C.) AND PDERSOL (GEORGE A.). HUMAN 

MONSTROSITIES. Magnificent folio, containing 220 pages of text 
and illustrated with 123 engravings and 39 large photographic plates 
from nature. In four parts, price each, $5. Limited edition. For wait 
by subscription only, 

HOBLYN (RICHARD D.). A DICTIONARY OF THE TERMS 
USED IN MEDICINE AND THE COLLATERAL SCIENCES. 
In one 12mo. volume of 520 double-columned pages. Cloth, $1.50 ; 
leather, $2. 

HODGE (HUGH L.). ON DISEASES PECULIAR TO WOMEN. 
INCLUDING DISPLACEMENTS OF THE UTERUS. Second and 
revised edition. In one 8vo. vol. of 519 pp., with illus. Cloth, $4J>0 # 

HOFFMANN (FREDERICK) AND POWER (FREDERICK B.). 
A MANUAL OF CHEMICAL ANALYSIS, as Applied to the 
Examination of Medicinal Chemicals and their Preparations. Third 
edition, entirely rewritten and much enlarged. In one handsome octavo 
volume of 621 pages, with 179 engravings, ("loth, $4.25. 

HOLDEN (LUTHER). LANDMARKS, MEDICAL AND SURGI- 
CAL. From the third English edition. With additions by W. W. 
Keen, M. D. In one royal 12mo. volume of 148 pages. Cloth, $1. 

HOLLAND (SIR HENRY). MEDICAL NOTES AND REFLEC- 
TIONS. From third English edition. In one 8vo. volume of 493 
pages. Cloth, $3.50. 
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HOLMES (TIMOTHY). A TREATISE ON SURGERY. Its Prin- 
ciples and Practice. A new American from the fifth English edition. 
Edited by T. Pickering Pick, F.R.C.S. In one handsome octavo vol- 
ume of 1008 pages, with 428 engravings. Cloth, $6 ; leather, $7. 



A SYSTEM OF SURGERY. With notes and additions by various 

American authors. Edited by John H. Packard, M. I). In three 
very handsome 8vo. volumes containing 31S7 double-columned pages, 
with 979 engravings and 13 lithographic plates. Per volume, clotn, $6 ; 
leather, $7 ; half Russia, $7.50. For sale by subscription only. 

HORNER (WILLIAM E.). SPECIAL ANATOMY AND HIS- 
TOLOGY. Eighth edition, revised and modified. In two large 8vo. 
volumes of 1007 pages, containing 320 engravings. Cloth, $6. 

HUDSON (A.). LECTURES ON THE STUDY OF FEVER. In one 
octavo volume of 308 pages. Cloth, $2.50. 

HUTCHINSON (JONATHAN). SYPHILIS. In one pocket-size 12mo. 
volume of 542 pages, with 8 chromo-lithographic plates. Cloth, $2.25. 
See Series of Clinical Manual*, p. 13. 

HYDE (JAMES NEVINS). A PRACTICAL TREATISE ON DIS- 
EASES OF THE SKIN. New (3d) edition, thoroughly revised. In 
one octavo volume of 802 pages, with 108 engravings and 9 colored 
plates. Cloth, $5; leather, $6. Just ready. 

JACKSON (GEORGE THOMAS). THE READY-REFERENCE 
HANDBOOK OF DISEASES OF THE SKIN. In one 12mo. 
volume of 544 pages, with 50 engravings. $2.75. 

JAMIESON (W. ALLAN). DISEASES OF THE SKIN. Third 
edition. In one octavo volume of 656 pages, with 1 engraving and 9 
double-page chromo-lithographic plates. Cloth, $6. 

JONES (C. HANDFIELD). CLINICAL OBSERVATIONS ON 
FUNCTIONAL NERVOUS DISORDERS. Second American edi- 
tion. In one octavo volume of 340 pages. Cloth, $3.25. 

JXJLER (HENRY). A HANDBOOK OF OPHTHALMIC SCIENCE 
AND PRACTICE. New (2d) edition. In one octavo volume of 549 
pages, with 201 engravings, 17 chromo-lithographic plates, test-types of 
Jaeger and Snellen, and Holmgren's Color-Blindness Test. Cloth, 
$5.50 ; leather, $6.50. 

KING (A. P. A.). A MANUAL OF OBSTETRICS. Fifth edition. In 
one 12mo. volume of 446 pages, with 150 illustrations. Cloth, $2.50. 

KLEIN (E.). ELEMENTS OF HISTOLOGY. Fourth edition. In 
one pocket-size 12mo. volume of 376 pages, with 194 engravings. 
Cloth, $1.75. See Student's Series of Manuals, p. 14. 

LANDIS (HENRY G.). THE MANAGEMENT OF LABOR. In one 

handsome 12mo. volume of 329 pages, with 28 illus. Cloth, $1.75. 

LA ROCHE (R.). YELLOW FEVER. In two 8vo. volumes of 1468 
pages. Cloth, $7. 

PNEUMONIA. In one 8vo. volume of 490 pages. Cloth, $3. 

LAURENCE (J. Z.) AND MOON (ROBERT C). A HANDY- 
BOOK OF OPHTHALMIC SURGERY. Second edition. In one 
octavo volume of 227 pages, with 66 engravings. Cloth, $2.75. 

LAWSON (GEORGE). INJURIES OF THE EYE, ORBIT AND 
EYE-LIDS. From the last English edition. In one handsome octavo 
volume of 404 pages, with 92 engravings. Cloth, $3.50. 

LEA (HENRY C). CHAPTERS FROM THE RELIGIOUS HIS- 
TORY OF SPAIN ; CENSORSHIP OF THE PRESS ; MYSTICS 
AND ILLUMIN ATI ; THE ENDEMONIADAS ; EL SANTO NlffO 
DE LA GUARDIA; BRIANDA DE BARDAXI. In one 12mo. 
volume of 522 pages. Cloth, $2.50. 
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IiEA (HENRY C). FORMULARY OF THE PAPAL PENITENTI- 
ARY. In one 8vo. vol. of 221 pages, with frontispiece. Cloth, $2.50. 

SUPERSTITION AND FORCE ; ESSAYS ON THE WAGER 

OF LAW, THE WAGER OF BATTLE, THE ORDEAL AND 
TORTURE. Fourth edition, thoroughly revised. In one hand- 
some royal 12mo. volume of 629 pages, dloth, $2.75. 

STUDIES IN CHURCH HISTORY. The Rise of the Temporal 

Power — Benefit of Clergy — Excommunication. New edition. In one 
handsome 12mo. volume of 605 pages. Cloth, $2.50. 

AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY 



IN THE CHRISTIAN CHURCH. Second edition. In one hand- 
some octavo volume of 6S5 pages. Cloth, $4.50. 

LEDGER. THE MEDICAL NEWS PHYSICIAN'S LEDGER. Con- 
tains 300 pages ledger paper, ruled in approved style. Strongly 
bound with patent flexible back. Price, $4. 

IjEE (HENRY) ON SYPHILIS. In one 8vo. volume of 246 pages. 
Cloth, $2.25. 

LEHMANN (C. G.). A MANUAL OF CHEMICAL PHYSIOLOGY. 
In one 8vo. volume of 327 pages, with 41 engravings. Cloth, $2.25. 

LEISHMAN (WILLIAM). A SYSTEM OF MIDWIFERY. Includ- 
ing the Diseases of Pregnancy and the Puerperal State. Fourth edi- 
tion. In one octavo volume. 

I/OOMIS (ALFRED L.) AND THOMPSON (W. OILMAN). 

A SYSTEM OF PRACTICAL MEDICINE. In Treatises by Vari- 
ous Authors. In very handsome 8vo. volumes with illus. Preparing. 

LUCAS (CLEMENT). DISEASES OF THE URETHRA. Preparing. 
See Series of Clinical Manuals, p. 13. 

LUDLOW (J. L.). A MANUAL OF EXAMINATIONS UPON 
ANATOMY, PHYSIOLOGY. SURGERY, PRACTICE OF MEDI- 
CINE, OBSTETRICS, MATERIA MEDICA, CHEMISTRY, PHAR- 
MACY AND THERAPEUTICS. To which is added a Medical For- 
mulary. Third edition. In one royal 12mo. volume of 816 pages, with 
370 engravings. Cloth, $3.25 ; leather, $3.75. 

LUFF (ARTHUR P.). MANUAL OF CHEMISTRY, for the use of 

Students of Medicine. In one 12mo. volume of 522 pages, with 36 
engravings. Cloth, $2. See Student's Series of Manuals, p. 14. 

LYMAN (HENRY M.). THE PRACTICE OF MEDICINE. In one 

verv handsome octavo volume of 925 pages, with 170 engravings. 
Cloth, $4.75 ; leather, $5.75. 

LYONS (ROBERT D.). A TREATISE ON FEVER. In one octavo 
volume of 362 pages. Cloth, $2.25. 

MAISCH (JOHN M.). A MANUAL OF ORGANIC MATERIA 
MEDICA. Fifth edition. In one very handsome 12mo. volume of 
544 pages, with 270 engravings. Cloth, $3. 

MANUALS. See Student's Quit Series, p. 14, Student's Series of Manu- 
als, p. 14, and Series of Clinical Manuals, p. 13. 

MARSH (HOWARD). DISEASES OF THE JOINTS. In one 12mo. 
volume of 468 pages, with 64 engravings and a colored plate. Cloth, $2. 
See Series of Clinical Manuals, p. 13. 

MAY (O. H.). MANUAL OF THE DISEASES OF WOMEN. For 
the use of Students and Practitioners. Second edition^ revised by L. 
S. Rau M. D. In one 12mo. volume of 360 pages, with 31 engrav- 
ings. Cloth, $1.75. 

MILLER (JAMES). PRINCIPLES OF SURGERY. Fourth Ameri- 
can from the third Edinburgh edition. In one large octavo volume of 
688 pages, with 240 engravings. Cloth, $3.75. 

THE PRACTICE OF SURGERY. Fourth American from the 

last Edinburgh edition. In one large octavo volume of 682 pages, with 
364 engravings. Cloth, $3.75. 
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MORRIS (HENRY). 8URGICAL DISEASES OF THE KIDNEY. 
In one 12mo. volume of 554 pages, with 40 engravings and 6 colored 
plates. Cloth, $2.25. See Series of Clinical Manuals, p. 13. 

MORRIS (MALCOLM). DISEASES OF THE SKIN. In one 
square 8vo. volume of 572 pages, with 19 chromo-lithographic figures 
and 17 engravings. Cloth, $3.50. Just ready. 

MULLER (J.). PRINCIPLES OF PHYSICS AND METEOROL- 
OGY. In one large 8vo. vol, of 623 pages, with 538 cuts. Cloth, $4.50. 

MUSSER (JOHN H.). A PRACTICAL TREATISE ON MEDICAL 
DIAGNOSIS, for Students and Physicians. In one octavo volume 
of 873 pages, illustrated with 162 engravings and 2 colored plates. 
Cloth, $5 ; leather, $6. Just ready. 

NATIONAL DISPENSATORY. See Stilli, Maisch & Caspari, p. 14. 

NATIONAL MEDICAL DICTIONARY. See Billing*, p. 3. 

NETTLESHIP (E.). DISEASES OF THE EYE. Fourth American 
from fifth English edition. In one 12mo. volume of 504 pages, with 
164 engravings, test-types and formulae and color-blindness test. 
Cloth, $2. 

NORRIS (WM. F.) AND OLIVER (CHAS. A.). TEXT-BOOK OF 
OPHTHALMOLOGY. In one octavo volume of 641 pages, with 357 
engravings and 5 colored plates. Cloth, $5 ; leather, $6. 

OWEN (EDMUND). SURGICAL DISEASES OF CHILDREN. 
In one 12mo. volume of 525 pages, with 85 engravings and 4 colored 
plates. Cloth, $2. See Series of Clinical Manuals, p. 13. 

PARRISH (EDWARD). A TREATISE ON PHARMACY. With 
many Formulae and Prescriptions. Fifth edition, enlarged and thor- 
oughly revised by Thomas S. Wiegand, Ph. G. In one octavo vol- 
ume of 1093 pages, with 257 engravings. Cloth, $5 ; leather, $6. 

PARRY (JOHN S.). EXTRA-UTERINE PREGNANCY, ITS 
CLINICAL HISTORY, DIAGNOSIS, PROGNOSIS AND TREAT- 
MENT. In one octavo volume of 272 pages. Cloth, $2.50. 

PARVIN (THEOPHILUS). THE SCIENCE AND ART OF OB- 
STETRICS. Second edition. In one handsome 8vo. volume of 701 
pages, with 239 engravings and a colored plate. Cloth, $4.25; 
leather, $5.25. 

PAVY (F. W.). A TREATISE ON THE FUNCTION OF DIGES- 
TION, ITS DISORDERS AND THEIR TREATMENT. From the 
second London edition. In one 8vo. volume of 238 pages. Cloth, $2. 

PAYNE I (JOSEPH FRANK). A MANUAL OF GENERAL 
PATHOLOGY. Designed as an Introduction to the Practice of Medi- 
cine. In one octavo volume of 524 pages, with 153 engravings and 
1 colored plate. Cloth, $3.50. 

PEPPER'S SYSTEM OF MEDICINE. See p. 2. 

PEPPER (A. J.). FORENSIC MEDICINE. In press. See Student's 
Series of Manuals, p. 14. 

— SURGICAL PATHOLOGY. In one 12mo. volume of 511 pages, 
with 81 engravings. Cloth, $2. See Student's Series of Manuals, p. 14. 

PICK (T. PICKERING). FRACTURES AND DISLOCATIONS. 
In one 12mo. volume of 530 pages, with 93 engravings. Cloth, $2. 
See Series of Clinical Manuals, p. 13. 

PIRRIE (WILLIAM). THE PRINCIPLES AND PRACTICE OF 
SURGERY. In one octavo volume of 780 pages, with 316 engravings. 
Cloth, $3.75. 
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PLAYFAIR (W. S.). A TREATISE ON THE SCIENCE AND 
PRACTICE OF MIDWIFERY. Sixth American from the eighth 
English edition. Edited, with additions, by R. P. Harris, M. D. 
In one octavo volume of 697 pages, with 217 engravings and 5 plates. 
Cloth, $4 ; leather, $6. Just ready. 

THE SYSTEMATIC TREATMENT OF NERVE PROSTRA- 
TION AND HYSTERIA. In one 12mo. vol. of 97 pp. Cloth, $1. 

POLITZER (ADAM). A TEXT-BOOK OF THE DISEASES OF THE 
EAR AND ADJACENT ORGANS. Second American from the 
third German edition. Translated by Oscar Dodd, M. D., and 
edited by Sir William Dalby, F. R. C. S. In one octavo volume of 
748 pages, with 330 original engravings. Cloth, $5.50. Just ready. 

POWER (HENRY). HUMAN PHYSIOLOGY. Second edition. In 
one 12mo. volume of 396 pages, with 47 engravings. Cloth, $1.50. 
See Student's Series of Manuals, p. 14. 

PURDY (CHARLES W.). BRIGHT'S DISEASE AND ALLIED 
AFFECTIONS OF THE KIDNEY. In one octavo volume of 288 
pages, with 18 engravings. Cloth, $2. 

PYE-SMITH (PHILIP H.). DISEASES OF THE SKIN. In one 
12mo. vol. of 407 pp., with 28 illus., 18 of which are colored. Cloth, $2. 

QUIZ SERIES. See Student's Quiz Series, p. 14. 

RALFE (CHARLES H.). CLINICAL CHEMISTRY. In one 
12mo. volume of 314 pages, with 16 engravings. Cloth, $1.50. See 
Student's Series of Manuals, p. 14. 

RAMSBOTHAM (FRANCIS H.). THE PRINCIPLES AND PRAC- 
TICE OF OBSTETRIC MEDICINE AND SURGERY. In one 
ini})erial octavo volume of 640 pages, with 64 plates and numerous 
engravings in the text. Strongly bound in leather, $7. 

REICHERT (EDWARD T.). A TEXT-BOOK ON PHYSIOLOGY. 
In one handsome octavo volume of about 800 pages, richly illustrated. 
Preparing. 

REMSEN (IRA). THE PRINCIPLES OF THEORETICAL CHEM- 
ISTRY. Fourth edition, thoroughlv revised and much enlarged. 
In one 12mo. volume of 325 pages. C ; loth, $2. 

REYNOLDS (J. RUSSELL). A SYSTEM OF MEDICINE. Ed- 
ited, with notes and additions, by Henry Hartshorne, M.D. In 
three large 8vo. vols., containing 3056 closelv printed double-columned 

{uiges, with 317 engravings. Per volume, cloth, $5 ; leather, $6; very 
landsome half Russia, $6.50. For sale by subscription only. 

RICHARDSON (BENJAMIN WARD). PREVENTIVE MEDI- 
CINE. In one octavo volume of 729 pages. Cloth, $4 ; leather, $5. 

ROBERTS (JOHN B.). THE PRINCIPLES AND PRACTICE OP 

MODERN SURGERY. In one octavo volume of 780 pages, with 
501 engravings. Cloth, $4.50; leather, $5.50. 

THE COMPEND OF ANATOMY. For use in the Dissectimz 

Room and in preparing for Examinations. In one ltimo. volume of 
HM» pages. Limp cloth, 75 cents. 

ROBERTS (SIR WILLIAM). A PRACTICAL TREATISE ON 
URINARY AND RENAL DISEASES, INCLUDING URINARY 
DEPOSITS. Fourth American from the fourth London edition. In 
one very handsome 8vo. vol. of 609 pp., with 81 illus. Cloth, $3.50. 

ROBERTSON (J. MCGREGOR). PHY8IOLOGICAL PHYSICS. 
In one 12mo. volume of 537 pages, with 219 engravings. Cloth, $2. 
See Student's Series of Manuals, p. 14. 

ROSS (JAMES). A HANDBOOK OF THE DISEASES OF THE 
NERVOUS SYSTEM. In one handsome octavo volume of 726 
with 184 engravings. Cloth, $4.50 ; leather, $5.50. 
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SAVAGE (GEORGE H.). INSANITY AND ALLIED NEUROSES, 
PRACTICAL AND CLINICAL. In one 12mo. volume of 551 pages, 
with 18 typical engravings. Cloth, $2. See Series of Clinical Man- 
uals, p. 13. 

SCHAFER (EDWARD A.). THE ESSENTIALS OF HISTOL- 
OGY, DESCRIPTIVE AND PRACTICAL. For the use of Students. 
New (3d) and enlarged edition. In one handsome octavo volume of 
311 pages, with 325 illustrations. Cloth, $3. 

SCHMITZ AND ZUMPTTS CLASSICAL SERIES. 

ADVANCED LATIN EXERCISES. Cloth, 60 cents; half bound, 
70 cents. 

SCHMIDT'S ELEMENTARY LATIN EXERCISES. Cloth, 50 cents. 
SALLUST. Cloth, 60 cents; half bound, 70 cents. 
NEPOS. Cloth, 60 cents; half bound. 70 cents. 
VIRGIL. Cloth, 85 cents; half bound, $1. 
CURTIUS. Cloth, 80 cents; half bound, 90 cents. 

SCHOFBELD (ALFRED T.). ELEMENTARY PHYSIOLOGY 
FOR STUDENTS. In one 12mo. volume of 380 pages, with 227 
engravings and 2 colored plates. Cloth, $2. 

SCHREIBER (JOSEPH). A MANUAL OF TREATMENT BY 
MASSAGE AND METHODICAL MUSCLE EXERCISE. Trans- 
lated by Walter Mendelson, M. D., of New York. In one hand- 
some octavo volume of 274 pages, with 117 fine engravings. 

SEILER (CARL). A HANDBOOK OF DIAGNOSIS AND TREAT- 
MENT OF DISEASES OF THE THROAT AND NASAL CAVI- 
TIES. Fourth edition. In one 12mo. volume of 414 pages, with 107 
engravings, and 2 colored plates. Cloth, $2.25. 

SENN (NICHOIiAS). SURGICAL BACTERIOLOGY. Second edi- 
tion. In one octavo volume of 268 pages, with 13 plates, 10 of which 
are colored, and 9 engravings. Cloth, $2. 

SERIES OF CLINICAL MANUALS. A Series of Authoritative 
Monographs on Important Clinical Subjects, in 12mo. volumes of about 
550 pages, well illustrated. The following volumes are now ready : 
Broad bent on the Pulse, $1.75; Yeo on Food in Health and Disease, 
$2; Carter and Frost's Ophthalmic Surgery, $2.25; Hutchinson 
on Syphilis. $2.25 ; Marsh on Diseases of the Joints, $2 ; Morris 
on Surgical Diseases of the Kidney, $2.25; Owen on Surgical 
Diseases of Children, $2; Pick on Fractures and Dislocations, $2; 
Bi'TLiN on the Tongue, $3.50; Savage on Insanity and Allied Neu- 
roses, $2 ; and Treves on Intestinal Obstruction, $2. The following 
is in press : Lucas on Diseases of the Urethra. 
For separate notices, see under various authors 1 names. 

SERIES OF STUDENT'S MANUALS. See next page. 

SIMON (W.). MANUAL OF CHEMISTRY. A Guide to Lectures 
and Laboratory Work for Beginners in Chemistry. A Text-book 
specially adapted for Students of Pharmacy and Medicine. New (4th) 
edition/ In one 8vo. volume of 490 pages, with 44 engravings and 7 
plates showing colors of 56 tests. Cloth, $3.25. 

8 LADE (D. D.). DIPHTHERIA; ITS NATURE AND TREAT- 
MENT. Second edition. In one royal 12mo. vol., 158 pp. Cloth, $1.25. 

SMITH (EDWARD). CONSUMPTION; ITS EARLY AND REME- 
DIABLE STAGES. In one 8vo. volume of 253 pp. Cloth, $2.25. 

SMITH (J. LEWIS). A TREATISE ON THE DISEASES OF IN- 
FANCY AND CHILDHOOD. Seventh edition, revised and enlarged. 
In one large 8vo. volume of 881 pages, with 51 illustrations. Cloth, 
$4.50; leather, $5.50. 

SMITH (STEPHEN). OPERATIVE SURGERY. Second and thor- 
oughly revised edition. In one octavo volume of 892 pages, with 
1005 engravings. Cloth, $4 ; leather, $5. 
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STILUS (ALFRED). CHOLERA ; ITS ORIGIN, HISTORY, CAUS- 
ATION, SYMPTOMS, LESIONS. PREVENTION AND TREAT- 
MENT. In one 12mo. volume of 163 pages, with a chart showing 
routes of previous epidemics. Cloth, $1.25. 

THERAPEUTICS AND MATERIA MEDICA. Fourth and 

revised edition. In two octavo volumes, containing 1936 pages. 
Cloth, $10; leather, $12. 

STILLE (ALFRED), MAISCH (JOHN M.) AND CASPARI 
(CHAS. JR.). THE NATIONAL DISPENSATORY: Containing 
the Natural History, Chemistry, Pharmacy, Actions and Uses of 
Medicines, including those recognized in the latest Pharmacopoeias of 
the United States, Great Britain and Germany, with numerous refer- 
ences to the French Codex. New (5th) edition, revised and enlarged 
in accordance with the new U. S. Pharmacopoeia, Seventh Decennial 
Revision. In one magnificent imperial octavo volume of 1910 pages, 
with 320 engravings. Cloth, $7.25; leather, $8. With ready reference 
Thumb-letter Index. Cloth, $7.75; leather, $8.50. Just ready. 

STLMSON (LEWIS A.). A TREATISE ON FRACTURES AND 
DISLOCATIONS. In two handsome octavo volumes. Vol. I., Frac- 
tures, 582 pages, 360 engravings. Vol. II., Dislocations, 540 
pages, 163 engravings. Complete work, cloth, $5.50 ; leather, $7.50. 
Either volume separately, cloth, $3 ; leather, $4. 

A MANUAL OF OPERATIVE SURGERY. Second edition. In 

one royal 12mo. volume of 503 pages, with 342 illus. Cloth, $2.50. 

STUDENT'S QUIZ SERIES. A New Series of Manuals in question and 
answer for Students and Practitioners, covering the essentials of medical 
science. Thirteen volumes, pocket size, convenient, authoritative, 
well illustrated, handsomely bound in limp cloth, and issued at a low 
price. 1. Anatomy (double number); 2. Physiology; 3. Chemistrv and 
Physics ; 4. Histology, Pathology and Bacteriology ; 5. Materia tfedica 
and Therapeutics ; 6. Practice of Medicine ; 7. Surgery (double num- 
ber); 8. Genito-Urinary and Venereal Diseases; 9. Diseases of the Skin; 
10. Diseases of the Eye. Ear, Throat and Nose; 11. Obstetrics; 12. 
Gynecology; 13. Diseases of Children. Price, $1 each, except Nos. 
1 and 7, Anatomy and Surgery, which being double numbers are priced 
at $1.75 each. Full specimen circular on application to publishers. 

STUDENTS SERIES OF MANUALS. A Series of Fifteen Man- 
uals by Eminent Teachers or Examiners. The volumes are pocket-size 
12mos. of from 300-540 pages, profusely illustrated, and bound in red 
limp cloth. The following volumes may now be announced: Her- 
man's First Lines in Midwifery, $1.25; Luff's Manual of Chemistry, 
$2; Bruce's Materia Medica and Therapeutics (fifth edition), $1.50; 
Treves' Manual of Surgery (monographs by 33 leading surgeons), 3 
volumes, per set, $6; Bell's Comparative Anatomy and Physiology, $2; 
Robertson's Physiological Physics, $2 ; Gould's Surgical Diagnosis, 
$2; Klein's Elements of Histology (4th edition). $1.75; Pepper's 
Surgical Pathology, $2; Treves' Surgical Applied Anatomv, $2; 
Power's Human Physiology (2d edition), $1.60; Ralfe'8 Clinical 
Chemistry, $1.50; and Clarke and Lock wood's Dissector's Manual, 
$1.50. The following is in press: Pepper's Forensic Medicine. 
For separate notices, see under various authors' names. 

STURGES (OCTAVIUS). AN INTRODUCTION TO THE STUDY 
OF CLINICAL MEDICINE. In one 12mo. volume. Cloth, $1.25. 

SUTTON (JOHN BLAND). SURGICAL DISEASES OF TILE 
OVARIES AND FALLOPIAN TUBES. Including Abdominal 
Pregnancy. In one 12mo. volume of 513 pages, with 119 engravings 
and 5 colored plates. Cloth, $3. 

TUMORS, INNOCENT AND MALIGNANT. Their Clinical 

Features and Appropriate Treatment. In one 8vo. vol. of 526 pp., with 
250 engravings and 9 full-page plates. Cloth, $4.50. Just ready. 

TAIT (LAWSON). DISEASES OF WOMEN AND ABDOMINAL. 
SURGERY. In two handsome octavo volumes. Vol. I. contains 546 
pages and 3 plates. Cloth, $3. Vol. II., preparing. 



